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Hildrey, A. J., 28, Rosslyn Terrace, Sunderland (S) Nov. 1884 

Hill, Alfred William, Otterburn Terrace, Newcastle-on-Tyne ... (I M) Oct. 1891 

Hill, Maxwell, 2, The Side, Newcastlc-on-Tyne (N A) Nov. 1884 

Hindson, William, Bensham Lodge, Gateshead-on-Tyne (E) Nov. 1884 

Hindson, William Forster, 7, Elysium Lane, Bensham, ( Graduate, Nov. 1891 

Gateshead-on-Tyne (E) I Member, Nov. 1892 

Hines, William, R.N., 57, St. Andrew's Road, Southsea (E) Mar. 1890 

Hirst, Richard, Lloyd's Register of Shipping, Dock OflSces, West 

Hartlepool (E SUR) Nov. 1885 

Hodge, Rowland F. W., Messrs. C. S. Swan k Hunter, Wallsend-on- 
Tyne (S) Dec. 1890 

Hogg, James, 8, Lovaine Terrace, North Shields (B F) Nov. 1889 

Hdk, Wilhelm, Deptford Shipyard, Sunderland (S) Oct. 1886 

Holbrook, Thomas, 22, St. Hilda Street, Hartlepool (E) Nov. 1893 

Holgate, Charles H., Cardigan Villa, Grove Lane, Headingley, 

Leeds (E) Feb. 1895 

HoUis, Henry William, Whitworth House, Spennymoor (I M) Oct. 1891 

Holmes, John H., Portland Road, Newcastle-on-Tyne (E E) Jan. 1888 

Homji, A. C. N., 13, Trinity Street, Dhobie, Talao, Bombay, India (E) Nov. 1884 

Hooper, Ernest, 23, Whitehall Terrace, Sunderland (E) Nov. 1885 

Hopkinson, Frank A., c/o Messrs. J. Hopkiuson & Co., Huddersfield (E) Dec. 1891 

Houston, John, 32, Randolph Street, Sunderland (E) Nov. 1894 

Hunter, George B., Messrs. C. S. Swan, Hunter, k Co., Wallsend- 
on-Tyne (S) Nov. 1884 

Hunter, J. W., Pendleton House, Stockton Road, Sunderland ... (E) May 1885 
Hunter, Summers, c/o Messrs. N.E. Marine Engineering Co., 

Northumberland Engine Works, Wallsend-on-Tyne (E) Nov. 1885 

Hutchinson, C. W., 6, Park Parade, Westmorland Road, New- 
castle-on-Tyne (E) Nov. 1884 

Hutchinson, Wesley, B.A., 6, Park Parade. Newcastle-on-Tyne ... (E) Oct. 1891 
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Hutchiflon, J., Board of Trade Offices, Middlesbrough (SUR) Dec. 1891 

Hatxshison, Thomas Allan, 22, Wharncliffe Street, Newcastle-on- 

Tyne ... ... ... ... ... ... ... ... (S) Nov. 1891 

I. 

Inglis, John, c/o Messrs. Hawthorn & Co., Leith (S) April 1887 

Inglis, John, Pointhouse Shipyard, Partick, Glasgow ... (E $t S) Oct. 1886 
Inman, Douglas S., 17, Wandsworth Road, Heaton, Newcastle-on- 

Xyne ... ... ... ... ... ... ... ... \^j ^ct. lo«7^ 

Irwin, J. H., Sunderland Engine Works, South Docks, Sunderland (E) Nov. 1884 
Irwin, Thomas F., 1, St. Alban*s Road, Bootle, ne^r Liver- 
pool (C E li N A) Mar. 1888 

J. 

Jack, William C, Service Subventionnd des Correspondances 

Flu viales au Tonkin, Haiphong, China (E) Nov. 1894 

Jackson, A., Surveyor's Office, Board of Trade, North Shields (E SUR) Nov. 1888 
Jackson, Herbert Stonewall, c/o Messrs. Westgarth, English, & 

Co., Middlesbrough (E) Dec. 1891 

Jackson, Vincent, 5, Beaconsfield Street, Hartlepool (S) April 1888 

Jackson, William S., Messrs. Gourlay Bros. & Co., Camperdown 

Shipyard, Dundee (S) April 1891 

James, M. C, 18, Denmark Street, Gateshead-on-Tyne (S) Nov. 1884 

Jameson, John T., 3, The Grove, Sunderland (E) Nov. 1885 

Jeffrey, Philip, 98, Park Road, Newcastle-ou-Tyne (E) Dec. 1892 

Jobling, J. C, Blackwall Ironworks, Isle of Dogs, London, E. ... (E) Nov. 1884 

Jobling, W. J., 1, Akenside Hill, Newcastle-on-Tyne ... (E <i S O) Nov. 1884 

John, Edmund, Barry Dock, Cardiff (E) Dec. 1889 

Johnson, Alexander, 34, Cardigan Terrace, Heaton, Newcastle- 
on-Tyne ... ... ... ... ... ... ... ... (E) Feb. 1892 

Johnson, Johan, 7, Vestra Hamngateu, Gothenburg, Sweden ... (S) May 1885 

Johnson, T. Allan, Dry Docks, Passage West, Cork (S) Nov. 1884 

Johnstone, William, Lloyd's Register of Shipping, Barrow-ln- 

Fumess (SUR) Nov. 1884 

Joicey, Jacob G., Forth Banks West Factory. Newcastle-on-Tyne (E) Jan. 1889 

Jones, George, c/o Messrs. W. Gray Sc Co., West Hartlepool ... (S) Oct. 1888 
Jones, Morlais G., 6, Delahay Street, Westminster, London, S.W. 



K. 

Keene, H. R., Lloyd's Register of Shipping, 2, White f Graduate, May 1885 

Lion Court, Cornhill, London, E.C (E)l Member, April 1887 

Kelsey, William, 4, Lily Avenue, Jesmond, Newcastle-on-Tyne ... (E) Dec. 1893 
Kendall, Stonard 0., Lloyd's Register of Shipping, Glasgow (SUR) Mar. 1891 

Kerfoot, James, 7, Qaeen's Terrace, Jesmond, Newcastle-on-Tyne (E) Oct. 1892 
King, Donald, 22, Rothesay Gardens, Partick, Glasgow (E) Jan. 1890 

King, John. 15, Neshara Street, Newcastle-on-Tyne... (S) | ^^ad^ate, Dec. 1890 

I Member, Oct. 1892 

•Kirkaldy, John, 40, West India Dock Road, London (E) Nov. 1885 

Kitching, J. F., 4, Hart Road, West Hartlepool (E) Nov. 1890 

Knaffl, Alvis, c/o Norddeutscher Lloyd, Bremerhaven (E) Mar. 1893 
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L. 

Laidley, R. W., 56, Pitt Street, Sydney, N.S.W., Australia ... (E) April 188' 

Laing, Andrew, Fairfield Works, Govan, Glasgow (E) Oct. 189 

Laing, Arthur, Deptford Shipyard, Sunderland (S) Nov. 188 -a 

Laing, John, c/o Messrs. K. & W. Hawthorn, Leslie, & Co., St. Peter's, 

Newcastle-on-Tyne (E) Nov.vl88^ 

Larkin, James, Simonside Terrace, East Jarrow-on-Tyne (E) Nov. 1884 

Lewis, R. A., Newbum Steel Works, Newburn-on-Tyne (E) Nov. 1884 

Liddell, J., c/o Messrs. Denny & Co.. Engine Works, Dumbarton (E) Nov. 1884 

Lie, Gotfred, Det Bergenske Dampskibsselskab, Bergen (E) Jan. 1895 

Lindfors, Hugo, 16, Alexandersgatan, Helsingfors, Finland (SUR) May 1889 

Lineham, Wilfrid J., Jesmond, Leyland Road, Lee, London, S.E. (E) Oct. 1890 

List, John, Orchard House Works, Blackwall, London, E. ... (E) April 1891 

Littleboy, Chas. Wm., 2, Lome Terrace, Stockton-on-Tees ... (S) Oct. 1887 

Livingston, Thos. L., Dunedin House, Jarrow-on-Tyne (S) Nov. 1884 

Lohmeyer, H., 43, Crown Street, Newcastle-on-Tyne (E) Nov. 1884 

Long, A. E., 124, Albert Road, Jarrow-on-Tyne (S) Nov. 1884 

Lowdon, David. Messrs. The Barry Dock, Cardiff (E) May 1894 

Lowdon, John, Messrs. The Barry Graving Dock and Engineering 

Co., Limited, Barry Dock, near Cardiff (E) Dec. 1891 



M. 

MacColl, Hector, Strandtown, Belfast (E) Dec. 1890 

Maccoy, John, 55, Larkspur Terrace, Newcastle-on-Tyne (E) Feb. 1886 

MacDonald, David R., c/o Messrs. Sir W. G. Armstrong, Mitchell, 

& Co., Walker Shipyard, Newcastlc-on-Tyne (S) Nov. 1891 

Mace, W., 253, Albert Road, Jan-ow-on-Tyne (E) Jan. 1886 

Macfarlane, Andrew, 18, John Street, Sunderland (E) Dec. 1890 

MacGrcgor, John, 2, Michaelston Villas, Barrow-in-Furness ... (E) Mar. 1888 

MacHaffie, John, 635, Terrace Place, Schenectady, New York, U.S.A. (E) Dec. 1885 

Mackay, William, 11, Kilbirnie Cottages, Clydebank, Glasgow ... (S) Mar. 1892 

Macmillan, Walter (E) May 1891 

MacoU, Hugh, 4, Azalea Terrace North, Sunderland {Life Member) (S) Nov. 1884 

Mair, James, Wh. Sc, 39, Dockwray Square, North Shields ... (E) Oct. 1894 

Manaira, Guiseppe, 4, Salita S Gerslamo, Genoa, Italy ... (E <i N A) Nov. 1893 

Marlborough, Richard, 44, Muirpark Gardens, Partick, Glasgow... (S) Nov. 1884 

Marr, James, 6, Ash Place, Sunderland (S) Nov. 1884 

Marshall, F. C, 38, Percy Gardens, Tynemouth (E) Nov. 1884 

Marshall, Frank T., Messrs. R.& W. Hawthorn, Leslie, & Co., f Graduate, Jan. 1886 

St. Peter's, Newcastle-on-Tyne (E) (.Member, Oct. 1888 

Marshall, R. J., 61, Larkspur Terrace, Jesmond, Newcastle-on-Tyne (E) Mar. 1887 

Mastaglio, W. D., 65, Warrington Road, Newcastle-on-Tyne ... (E) Nov. 1885 
Mather, Charles, 44, Warrington Road, Newcastle-on-Tyne ...(SUR) Oct. 1888 
Matheson, William, c/o Messrs. R. & W. Hawthorn, Leslie, & Co., 

Hebburn-on-Tyne (S) Dec. 1889 

Matthews, A., Waterloo Road, Blyth (S) Nov. 1884 

Matthews, Jas., c/o Messrs. R. & W. Hawthorn, Leslie, & Co., Forth 

Banks, Newcastle-on-Tyne (E) Oct, 1886 
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^v-or, Alfred E., Victoria Mansions, 82, Victoria Street, 

London, S.W (E E) Feb. 1890 

^cBride, William, Warren Cement Works Cottages, Hartlepool... (E) Dec. 1894 
^c I>oagall, Neil, Managing Director, Messrs. British Steam Users' 

Insurance Society, Ld.,4 Je5, Victoria Buildings, Manchester (E) Mar. 1890 

^^CHashan, Arch., Beechcroft, Clifton Avenue, West Hartlepool (S) Nov. 1886 
^^ Ilvenna, J. G., c/o Messrs. The Tyne Pontoons and Dry Docks 

Co., Wallsend-on-Tyne (S) Nov. 1884 

*'^^Cay,Jno., 19, Victoria Avenue, Whitley-by-the-Sea (E) Nov. 1884 

^CiXl^aren, Robert M., Flinton Hill, Sunderland (S) Nov. 1893 

^^*^ ^— aren, William, 8, London Grove, Prince's Road, Liverpool ... (E) Oct. 1894 

^^Icirum, Michael, 2, Belle Vue Crescent, Sunderland (E) Dec. 1893 

M^xx^ies, Wm., The Side, Newcastle-on-Tyne (E) Nov. 1884 

M^^'Senger, Thomas, Paris House, Snargate Street, Dover, Kent ... (E) Mar. 1887 

i^^"t:c5alf, J. C, 50, Frederick Street, Sunderland (SUR) Nov. 1884 

M^^t<^alf, Thos., Jun., 18, John Street, Sunderland ... (S) | G^rad«ate, May 1885 

I Member, Nov. 1893 

>tet:calfe, C. S., 24, Croft Avenue, Sunderland (E) Nov. 1884 

^^<iheli, Pietro, Jun., 20, Via Luccoli P. P°., Genoa ... (E * N A) Oct. 1888 

^^^^lemass, Thomas, 3, Albert Place, Norton Road, Stockton-on- 

1668... ... ... ••• •«• ••• •«• ••• ••• v^y v/Cu. JLoov 

'^iddleton, H., Tyne View House, Whickham, Durhamshire (I $( S M) Jan. 1893 
^^ddleton, Robert Alexander, Fairfield Works, Govan, Glasgow... (N A) Oct. 1892 
^iilburn, Christopher J., 14, Falmouth Road, Heaton, Newcastle- 

on-Tyne ... ... •*. ••• ••• ••• ••• ... (E) Feb. 1888 

Miliar. Thos., c/o Messrs. Sir W. G. Armstrong, Mitchell, & Co., 

Walker Shipyard, Walker-on-Tyne (S) Nov. 1884 

Miller, Thomas B., 28, Mount Stuart Square, Cardiff (E) /Graduate, Nov. 1886 

iMember, Oct. 1888 
Hills, John, c/o Messrs. Greenock Steam Shipping Co., 

Greenock (E) Feb. 1888 

3fills, William. 16. St. George's Square, Sunderland (E) Feb. 1890 

Milton, J. T., Lloyd's Register of Shipping, 2, White Lion Court, 

Gornhill, London, E.C (E SUR) Nov. 1886 

Mitchell, Chas., Jesmond Towers, Newcastle-on-Tyne (S) Nov. 1884 

Moffatt, James, 7, Murray's Terrace, Belfast, Ireland (E) I Graduate, Dec. 1889 

^1 Member, Oct. 1892 

Moffitt, George, 42, Stanley Street, Blyth (S) Oct. 1888 

Moifitt, Robert, 13, Grace Terrace, Sunderland ... (E) Dec. 1885 

Moody, Thomas v., Riding Mill, Northumberland (E) Dec. 1887 

Moore, Frederick, c/o Messi-s. Wilson, Sons, k Co., Ld., Pernambuco (E) Oct. 1890 

Moorsom, Frederick, Queen Terrace, Seaton Carew (S) Nov. 1893 

Morgan, W. H., 22, Rochdale Street, WalLsend-on-Tyne (E) Nov. 1884 

Morison. D. B., 8, Albion Terrace, Hartlepool (E) Feb. 1885 

31 ork, Peter, Lennox Hotel, Dumbarton, N.B (E) Nov. 1884 

Morrison, Robt., 5, Challoner Terrace, South Shields (E) Nov. 1886 

Morrison, William. Lloyd's Register of Shipping, 2, White Lion 

Court, Cornhill, London, E.C (E SUR) Oct. 1890 

Morton, Richard Fraser, Lloyd's Register of Shipping, Newcastle- 
on-Tyne (E SUR) Oct. 1890 

Mountain. William Chas., Messrs. Ernest Scott, Mountain, & Co., 

Close, Newcastle-on-Tyne (E Feb. 1889 
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Mudd, Thomas, Central Marine Engine Works, West Hartlepool (E) Mar. 1886 

Muir, Alfred Edward, 13, Joannah Street, Sunderland (S) Mar. 1893 

Muir, Robert, 11, Clarence Crescent, Whitley, near Newcastle-on- 

Tyne (SUR) Oct. 1886 

Muir, Robert Home, 1, Lovaine Crescent, Newcastle-on-Tyne ... (S) Oct. 1892 
Myles, David, Northumberland Engine Works, Wallsend-on-Tyne (E) Nov. 1884 



N. 

Nastoupil, John, Chief Engineer, Austro-Hungarian Navy, Marine 

Casino, Pola, Austria (E) Nov. 1890 

Nevins, William, c/o S. Todd, Esq., c/o Messrs. R. & W. Hawthorn, 

Leslie, & Co., Hebburn-on-Tyne (E) Mar. 1894 

Newitt, Leonard, c/o Messrs. Sir W. G. Armstrong, Mitchell, & Co., 

Elswick Works, Newcastle-on-Tyne (E E) Dec. 1887 

Newton, Richard, Park Square, West Hartlepool (E) April 1889 

Newton, W. A., 29, Sea View Terrace, South Shields (E) f^^^^^^' ^^ ]^^^ 

l Member, Oct. 1886 

Nicholls, H. E., 25, Churchill Street, Sunderland (E) Nov. 1893 

Nichols, Walter W., 30, Denmark Street, Gateshead -on-Tyne ... (E) May 1895 

Nicholson, John S., North View, Mowbray Road, Westoe, South 

Shields (E) Nov. 1893 

Nicol, John M., 16, Linskill Terrace, North Shields (E) Nov. 1884 

Nicolson, G. C, H.M.S. "Alexandra," Portland, Dorset (E) f^/^^^**^' ^°*- Jff6 
' ^ ^ (Member, Oct. 1888 

Noble, George, 40, Westgate Road, Newcastle-on-Tyne (E) May 1893 

Noble, Harry, Northern Machine Tool Works, Brewery Lane, 

Felling- on-Tyne (E) Nov. 1888 

Nodder, Joseph, 503, Pitsmoor Road, Sheffield (F M) May 1893 

Norman, W. S., Orchard House, Whitby, near Chester (E) Nov. 1884 

Norton, Harold P., U.S.S. "Concord," Bureau Steam Engineering, 

Navy Department, Washington, U.S.A. (E) Oct. 1890 

Noton, F. R., Lloyd's Register of Shipping, Ramsden Square, 

Barrow-in-Furness (S) Nov. 1884 

Nunes, Enrique E., Engineer, Argentine Navy, 433, Calle Aya- 

cucho, Buenos Ayres (E) April 1801 



0. 

O'Halloran, Timothy, 205, Avenue du Commerce, Antwerp, 

Belgium (E) Jan. 1895. 

Oliver, Hcdley, 6, Tower Chambers, Water Street, Liverpool ... (E) Oct. 1892 

O'Neil, J. J., 2, Erith Terrace, Sunderland (E) Nov. 1884 

Orde, E. L., c/o Messrs. Sir W. G. Armstrong, Mitchell, & Co., 

Walker Shipyard, Newcastle-on-Tyne (E) Oct. 1887 

Orlando, Chev. Giuseppe, Cantiere Navale, Fratelli Orlando, 

Leghorn (N A) Jan. 1893 

Orr, Reginald, 18, Bulwer Street, Shepherd's Bush, London, ( Graduate, Mar. 1890 

W (E) < Member, Oct. 1892 
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KLECTED. 

J, 0., 39, Norman Terrace, Howdon-on-Tyne (S) Nov. 1884 

D, Walter, 96, Blackpool Street, Burton-on-Trent (E) f Graduate, Dec. 1890 

*^ ' ^ M Member, May 1894 



P. 

, John W., c/o Messrs. Midland Coal, Coke, & Iron Co., 

Apendale, near Newcastle, Staffordshire (E) Feb. 1888 

ns, Hon. Charles A., Holeyn Hall, Wylam-on-Tyne (E E) Dec. 1887 

ns, Harry F., 83, Cardigan Terrace, Heaton, Newcastle- 

on-Tyne * (E) Dec. 1890 

, J. R., Tyrmont, Woodford, Essex {Life Member) (S) Dec. 1889 

rson, Jas., West Lodge, Walker-on-Tyne (E) Nov. 1884 

^^tL-tison^ Jos., 123, Bute Road, Cardiff (E) Nov. 1884 

^^ii^on, John, Messrs. The Wm. Cramp & Sons' Ship and Engine 

Building Co., Philadelphia, U.S.A (S) Feb. 1886 

^^•Ciock, Nicholas B. J., 30, Dingle Road, Tranmere Park, Birken- 

UCaU ... ... ... •*• .■• a.. ■•• ... ... ( b ) \JCXl, M.O»fjU 

^^^-Xiey, R. H., Board of Trade Offices, 79, Mark Lane, London, 

E.C (S SUR) Nov. 1884 

*^^^X*er, W., Sunnyside, West Villas, Oxbridge Lane, Stockton-on- 

ices .. ... ■*• ••• ••• «*• ••• •>. ... V^y ^OV. looo 

^^^^«en, John L., 18, Bellerby Terrace, West Hartlepool (E) Oct. 1888 

P^^T^, James, Lloyd's Register of Shipping, 2, White Lion Court, 

Comhill, London, E.C (S) Oct. 1885 

^^^"tini, Giacomo Luigi, C.B., c/o Messrs. Gio Ansaldo & Co., Sestri- 

Ponente, Italy (N A) Nov. 1892 

^^tepson, Carl Edwin, 7, Vestra Hamngaten, Gothenburg, Sweden (E) Oct. 1891 

*^lipson, Roland, Tynemouth (E) Dec. 1884 

^llips, Walter, 28, Brownhill Road, Catford, London, S.E. (N A Ic E) Oct. 1886 

Piorson, P., Glen Lea, Roker, Sunderland ... (S) Nov. 1884 

ftaad, Leon, Bureau Veritas, 8, Place de la Bourse, Paris (N A) Nov. 1888 

Pitt, Frederick William, 15, Wilberforce Terrace, Gateshead-on- 

Tyne (E SUR) Oct. 1890 

Plotnicki, E. C, The Avenue, Wallsend-on-Tyne (E) Nov. 1886 

Poll, Rodolfo, Chioggia, Italy (N A) Jan. 1890 

Potts, Matthew, 86. Glen Terrace, Hebburn-on-Tyne (S) Dec. 1890 

Potts, Robert, 11, Mount Pleasant, Deptford, Sunderland (S) Oct. 1888 

Powell, James Richard, Pier Head Chambers, Cardiff (C E) May 1894 

Price, F. D., 2, Bede Burn Street, Jarrow-on-Tyne (E Ic S) Oct. 1888 

Price, John, 6, Osborne Villas, Jesmond, Newcastle-on-Tyne ... (S) Nov. 1884 
Prince, Alfred, Kent Villa, Jarrow-on-Tyne (E) Nov. 1884 

Fringle, Alfred, 10, Somerset Terrace. Walker-on-Tyne (S) { Graduate, Dec. 1891 

I Member. Jan. 1894 

Fringle, James G., 10, Somerset Terrace, Walker-on-Tyne (S) Oct. 1892 

Prosser, James, 205, Albert Road, Jarrow-on-Tyne (E) Nov. 1893 

Purdon, Andrew S., Fairfield Works, Govan, Glasgow (S) Oct. 1892 

Purdy, A. J., Philipson Street, WilUngton Quay-on-Tyne ... (E) Nov. 1884 
Purres, David, Wybome Gate, Westcliffe Road, Birkdale, South- 
port ...(SUR) Dec. 1885 
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Puryis, Fred. W., 5, Greatham Terrace, West Hartleixwl (S) April 1893 

Putnam, T., Darlington Forge, Darlington (P W) Nov. 1884 

Patnam, William, Darlington Forge, Darlington (F W) Nov. 1884 



a 

Qnicke, Herbert John, 5, Grazebrook Road, Clissold Park, London, 

X^» ••• ■•• ■•• ■•• ••• ••• ••• ••• •«• ^^B^ f \?U« A 0«7X 

R. 

Rae, John, 11, Gray Street, Glasgow, N.B (E) April 1886 

Balston, G. C, The Grove, Walker Gate (E) Oct. 1887 

Bamage, J. T., St. Aubyn's, Bennington, Edinburgh (E) April 1887 

Ramage, John Anderson, 74, Glen Terrace, Hebburn-on-Tyne ... (S) Oct. 1892 

Readhead, Jas., Beach View, South Shields (S) Nov. 1884 

Readhead, John, 4, Salisbury Place, South Shields.. (E) Mar. 1886 

Readhead, R., 28, Sea View Terrace, South Shields (E) Nov. 1884 

Readhead, W. B., South-garth, Westoe, South Shields (S) Nov. 1886 

Reavell, W., co Messrs. Babcock & Wilcox, 147, Queen / Graduate, April 1885 

Victoria Street, London, B.C (E) ) Member, Oct. 1887 

Reed, Joseph, Angerton House, North Shields (E) Oct. 1889 

Reed, J. W., c/o Messrs. Palmer's Shipbuilding and Iron Co., 

Limited, Engine Works Department, Jarrow-on-Tyne ... (E) Nov. 1884 
Reed, Richartl, 36, Chillingham Road. Heaton, Newcastle-on-Tyne (S) Oct. 1894 
Rennoldson, C, Messrs. J. P. Rennoldson & Sons, South Shields (S) Jan. 1886 
Rcnnoldson, Jos. M., Messrs. J . P. Rennoldson & Sons, South Shields (S) Feb. 1886 
Kenton, John, 1, Akenside Hill, Newcastle-on-Tyne ... (M SUR) April 1896 

Reynolds, Charles H., c/o Messrs. Sir W. G. Armstrong, Mitchell, & 

Co., Walker-on-Tyne (S) Mar. 1889 

Reynolds, W. G.. 36, Meldon Terrace, South Shields (E) Oct. 1886 

Richardson, Philip Wigham, The Hawthorns, Half Moon Lane, 

Heme Hill, London. E.G. (S) Nov. 1890 

Richardson, T., B.A., M.P., Hartlepool Engine Works, Hartlepool (E) April 1888 

Richardson, Wigham, Neptune Works, Walker-on-Tyne (S) Nov. 1884 

Rickaby, A. A., Bloomfield Engine Works, Sunderland (E) Mar. 1888 

Ridley, J. H., Messrs. R. & W. Hawthorn, Leslie, & Co., St. Peter's, 

Newcastle-on-Tyne (E) Nov. 1884 

Riley, J. H., Messrs. Riley Bros., Stockton-on-Tees (B B) May 1893 

Ritson, M., Lloyd's Register of Shipping, 29, Regent Quay, 

Aberdeen (E SUR) Nov. 1884 

Ritson, S. M., 15, Ashmore Street, Sunderland ... (E) \ ^^^^^^te, Nov. 1887 

^ I Member. Nov. 1893 

Robinson, B. A., 12, Harold Street, Sunderland (E) Nov. 1884 

Robinson, William, 7, Choppington Street, Newcastle-on- (Graduate, May 1885 

Tyne (E) (Member, April 1888 

Robson, Arthur, Messrs. J. Blumer k Co., North Dock, Sunderland (S) Dec. 1886 

Robson, George, 9, Wellington Terrace, South Shields (E) Oct. 1889 

Robson, Geo. Edward, 61, Thornton Street, West Hartlepool ... (S) Nov. 1893 

Robson, John H., Grainger Commercial Hotel, Newcastle-on-Tyne (E) Nov. 1885 

Robson. J. M., 4, Abbey Terraco, Gatcshead-on-Tyne (E) Nov. 1884 
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Sharp, A. E., 16, Bede Bum Hoad, Jarrow-on-Tyne (E) Nov. 

Sharp, Mark, 144, Albert Road, Jarrow-on-Tyne (E) Dec. 

Shaw, Jas., 26, Sandhill, Newcastle-on-Tyne (M SUR) Jan. 

Sheriff, Thomas, c/o Messrs. Robert Mackill & Co., 29, Waterloo 

Street, Glasgow (E) April 

Shevill, W. H., 6, Avenue Terrace, Sunderland (E) Nov. 

Short, J. Y., 49, West Sunniside, Sunderland (S) Nov. 

Short, Jos., 49, West Sunniside, Sunderland (S) Nov. 

Shotton, John W., 32. Mount Stuart Square, Cardiff (SUR) Nov. 

Shute, A. E., 12, Clyde View, Partick, Glasgow (E) Dec. 

Simpson, Edward, Buddie Street, Wallsend-on-Tyne (S) Dec. 

Sinclair, R., c/o Messrs. J, Wildridge & Sinclair, Consulting 

Engineers, 97, Pitt Street, Sydney, N.S.W., Australia ... (C E) Nov. 

Sinton, John K., 26, Sandhill, Newcastle-on-Tyne (E) Nov. 

Sisson, Wm., Gloucester (E Ic N A) Oct. 

Sisterson, G. R., Locomotive Department, London and South 

Western Railway, Nine Elms, London, S.W (E) Nov. 

Sivewright, G. W., 5, Radcliffe Terrace, Hartlepool (S) Nov. 

Skinner, Leslie, Ravensboume Terrace, South Shields (S)-j ._ . * ^ ^ ' 
' ' . ^ ' (Member, Oct. 

Smith, C. B., 73, Thornton Street, West Hartlepool (E) Nov. 

Smith, Eustace, 5, Queen Street, Newcastle-on-Tyne (S) Nov. 

Smith, John Law, West Hartlepool Steel and Iron Works, West 

Hartlepool (I Ic S M) May 

Smith, L. Eustace, 22, St. Mary's Place, Newcastle-on- ( Graduate, Oct. 

Tyne (E) I Member, Oct. 

Smith, Maiden H., c/o Col. F. J. Smith, R.E., Belmont, Ryde, Isle 

of Wight ... ... ... ... ... ... ... ... (S) Apri' 

Smith, R. J., Pier Engine Works, South Dock, Sunderland ... (E) Nov. 
Smith, Thomas, Steam Crane Works, Old Foundry, Rodley, near Leeds (E) Oct. 
Smith, Thomas Edward, Messrs. John Smith & Sons, Newgate 

Street, Newcastle-on-Tyne (E) Apri 

Smith, Wm., 61, Dock Street East, Sunderland (E) Nov. 

Soliani, Nabor, Sotto Direzione Delle Costruzioni Navali del R^ 

Cantiere di Castellammare di Stabi, Italy (S) Jan. 

Sowter, Isaac G., Messrs. The Cleveland Shipbuilding Co., 

Cleveland, Ohio, U.S. America (E) Jan. 

Spear, John, c/o Messrs. T. Wilson & Sons, Hull ... (E) Oct. 

Spearman, Richard, Eachwick House, Dalton, Newcastle-on-Tyne (E) Feb. 
Spence, W. G., c/o George Clark, Esq., Southwick Engine Works, 

Sunderland {I/ife Member) (E) Nov. 

Spencer, J. W., Newburn Steel Works, Newbum-on-Tyne . . (E) Feb. 

Stafford, William, Dunston-on-Ty nc ( E) Nov. 

Stansfield, George R., The Grove, Westoe, South Shields (E) Mar. 

Stephenson, C, 2, Elm Terrace, The Green, Wallsend-on-Tyne ... (S) Nov. 

Stevenson, Wm., 6, West View, Wallsend-on-Tyne (E) Nov. 

Stewart, James, 31, Lily Avenue, Jesmond, Newcastle-on-Tyne .. (E) Oct. 

Stirling, Andrew, Jun., 1, Greenvale Terrace, Dumbarton (E) Feb. 

Stirzaker, J. C, 16, Grosvenor Place, Newcastle-on-Tyne (E) Nov. 

Stoddart, J. E., Lloyd's Register of Shipping, 3, St. Nicholas' 

Buildings, Newcastle-on-Tyne (E SUR) Oct. 



XXXV 

ELKCTED. 



Stoaidstft, Swinton, 24, North Milbum Street, Sunderland CS) I ^/*^^»^» 1}^^ |f f ^ 
' ' ^ M Member, Nov. 1892 

Stokioe, Thomas W., 82, Scarboro* Street, West Hartlepool ... (S) Dec. 1885 

Stone, 17m., 13, Rosslyn Terrace, Sunderland Nov. 1884 

8tax>ng-, George Aaron, 87, West Percy Street, North Shields ... (E) Dec 1889 

Strcm^liair, John W. H., Whitewell Lane, Ryton-on-Tyne ... (E) Nov. 1894 

Snxxxxx^eTS, James, 114, Grange Road West, Middlesbrough ... (E) Mar. 1889 

on nxua^ jgjjy^ Robert Arthur, 4, Otterburn Terrace, Jesmond, 

N'ewcastle-on-Tyne (E) Oct. 1891 

°"--*^i«ea, Francis V., Westbourne Street, Stockton-on-Tees ... (S) Dec. 1892 



"'^^•^ees, R., Frame House, Low Teams, Gateshead-on-Tyne ... (E) Nov. 1884 

"'"^^■^^ -A. S., Grove House, G^sforth, Newcastle-on-Tync (S) Nov. 1888 

Charles Sheriton, c/o Messrs. C. S. Swan & Hunter, ( Graduate, Nov. 1890 






J, "^Tallsend-on-Tyne (S) | Member, Mar. 1894 

^'**» B. F., North Jesmond, Newcastle-on-Tyne ... (S) Nov. 1884 

g^'^y^^'^^vime, M. W., 117, Park Road, Newcastle-on-Tyne (E) Nov. 1884 

J'^t^^^^^ame, T. M., Bewick Road, Gateshead-on-Tyne (E) Jan. 1885 

^"^'^^^L^y, W., 10, Wentworth Terrace, Westoe Lane, South Shields (E) Dec. 1888 



g^^ ^**, Thomas B., Jun., 68, Bath Road, Totterdown, Bristol ... (E) Oct. 1888 
^^*^^> "James, Fairfield Works, Govan, Glasgow (E) Oct. 1892 



n^ 



T. 

|» CJhas. H., 7, Side, Newcastle-on-Tyne (N A) Nov. 1884 

', Alexander, Maritime Buildings, King Street, Newcastle- 

<j^ On-Tyne ... ... ... ... ••• •.. •• ••. (E) Nov, 1884 

.j.^"^^^:r, C. W., South Garth, Westoe, South Shields (E) April 1885 

l»l^^^^, John, 53, Heaton Park Road, Heaton, Newcastle-on-Tyne (E) Dec. 1894 
^*^Pflon, C. B., Messrs. J. L. Thompson & Sons, North Sands, 

•p-» Sunderland (S) Nov, 1884 

X^^^^'^^peon, Charles, M.A., 33, Mosley Street, Newcastle-on-Tyne (E) Feb. 1887 

•jr»^^^*ip8on,Jas., 11, Elm wood Street, Sunderland (E) Dec. 1886 

^**^lMon, John Augustus, 12, Loudon Street, Fenchurch Street, 

Xiondon, B.C (E $j N A) Oct. 1892 

j^^^~*^*^p8on, J. L., North Sands Shipyard, Sunderland (S) Nov. 1884 

^r^^^^iipfion, Robert, North Sands Shipyard, Sunderland (S) Nov. 1884 

^^^**»«on, James, M.A., c/o Messrs. Sir W. G. Armstrong, Mit- 

ohell, & Co., Ordnance Works, Elswick, Newcastle-on-Tyne (E Ic N A) Nov. 1890 

-• W. H., 5, Waterville Terrace, North Shields (E) Nov. 1884 

^^^^xton, James, c/o Messrs. The Mercantile Dry Dock Co., Ltd., 

Oairow-on-Tyne (E) April 1893 

»pr**^*» Tred. D., 2, Sunningdale Terrace, South Shields (E) Nov. 1891 

.p ^^^^11, George, General Gordon Terrace, Sunderland (E) Jan. 1889 

^^^^ Surtees, c/o Messrs. R. & W. Hawthorn, Leslie, & Co., 

.^^^ Bebbum-on-Tyne (S) Nov. 1884 

.^^'^^ Thomas, 19, Billiter Street, London, E.C (E) Nov. 1385 

1* "^^^j Alfred F., Ovington Cottage, Prudhoe, Northumberland (E) Dec. 1894 
**^^Bi, Henry George, 13, Choppington Street, Newcastle-on- 

tck ^y^-« • (E) May. 1891 

^P» Carl, Schichan Werfl, Danzig, Germany ... . . (S) Oct. 1 894 



Tl^ 



XXXVl 



Towers, Edward, Jun., 4, Latimer Street, Tynemouth (E) - „ , 

\ Member, 

Trail, John, 26, Sanderson Road, Jesmond, Newcastle-on-Tyne (M S) 

Trewent, F. J., 43, Billiter Buildings, Billiter Street, London, 

Mm • \jm ••• ••• ••• ••• ••• ■•■ «•• ■•« •• ^ ^^/ 

Trowell, Wm. John, 37, Caroline Street, Jarrrow-on-Tyne ... (E) 

Tulip, George, Universities Mission, Lake Nyassa, Central Africa (E) 

TurnbuU, Charles, Jun., Hilton Lodge, North Shields (E E) 

Turner, S. J., 71, Warwick Street, Heaton, Newcastle-on-Tyne ... (E) 

Twaddell, James L., 4, St. John's Terrace, Jarrow-on-Tync ... (S) 

Tweddell, R. H., Meopham Court, Gravesend, London (E) 

Tweedy, J., Neptune Works, Walker-on-Tyne (E) 

Twigden, George J., c/o Messrs. Hick Bros., Mount Stuart Square, 

xy A A U iXJL ••• ••• ••■ •■• ••■ ••• ••• ••• I & ^ 

Tyzack, George, Dean Street, South' Shields (E) 



JBLVCRTED. 

f Graduate, Nov. 188^ 
Oct. 188^ 
Oct. 189» 



Dec. 1884r 
Oct. 1894 
Dec. 1888 
Oct. 1894 
Mar. 1887 
Oct. 1891 
Jan. 1865 
Nov. 1884 

Jan. 1890 
April 1888 



U. 

Ullfltrom, Otto, 84, Jjeadenhall Street, London, E.G. 
Ulm, John, The Arsenal, Pola, Austria 



(S) Nov. 1884 
(E) Nov. 1885 



V. 

Vianson, N. B., t?i4 Galeazzo Alessi 6 into 1, Genoa, Italy (E) Dec. 1886 

Vick, R. W., Messrs. Furness, Withy & Co., Middleton Shipyard, 

West Hartlepool (S) Nov. 1888 

Vivet, Leon, 12, Rue de Seine, Paris (N A) Nov. 1892 



W. 

Wadagaki, Yasuzo, Imperial Naval Dockyard, Yokosuka, Japan ... (E) 
Wailes, E. F., 4, St. Nicholas' Buildings. Newcastle-on-Tyne ... (N A) 

Wailes, T. W., Mount Stuart Dry Docks, Cardiff (E $t S) 

Wait, Thomas Herbert, Cail's Buildings, Quayside, Newcastle-on- 

xyne... ... ... ... ... ... ... ,., ...rc E) 

Wake, Tom, Church Walk, Hartlepool ... (E) 

Walker, Archibald, Elizafield House, North Fort Street, Leith, N.B. (E) 

Walker, Henry, 11, Oxford Terrace, Gateshead-on-TjTie (E E) 

Walker, John, c/o Messrs. R. Stephenson & Co., Limited, South 

Street, Newcastle-on-Tyne (E Ic S) 

Wallau, J., c/o Messrs. Black, Hawthorn, & Co., Gateshead-on-Tyne (E) 
Walliker, J. F., Lloyd's Register of Shipping, Bute Docks, C'ardiff (E) 

Wallis, Robert, Point Pleasant House, Wallsend-on-Tyne (E) 

Walter, Max, 120b, Smidtstr, Bremerhaven (S) 

Walton, J. G., 26, Fenchurch Street, London, E.C (E) 

Walton, Samuel, 34, Pollard Street, South Shields (E) 

Warburton, J., 19, Lome Terrace, Sunderland ... (E) 

Ward, John, c/o Messrs. W. Denny & Bros., Dumbarton (S) 



Jan. 1891 
Nov. 1884 
Oct. 1887 

Dec. 1893 
April 1892 
April 1887 
Feb. 1893 



Nov. 

Nov. 

Nov. 

April 

Feb. 

Nov. 

Dec. 

Nov. 

Dec. 



189] 
1884 
1885 
1891 
1893 
1884 
1893 
1884 
1891 



xxxvm 

ELECTED. 
Y. 

Yale, Thomas P. O., 11, Warrington Road, Westmorland Road, 

Newcastle-on-Tyne (E) Dec. 1894 

Young, Andrew, Bureau Veritas, 155, Fenchurch Street, j Graduate, Feb. 1892 
London, E.G. (S) ' Member, May 1893 

Young, J. Denholm, West India House, 96, Leadenhall Street, 

London, E.C (E) Oct. 1888 

Younger, R., Blmire House, Heaton, Newcastle-on-Tyne (E) Nov. 1884 

Z. 

Zeeman, J. H., c/o Messrs. The Maas Co., Rotterdam (S) Oct. 1889 



ASSOCIATES. 

A. 

Adam, John B., 8, Osborne Terrace, Newcastle-on-Tyne (O) Nov. 1893 

Anderson, Daniel G., Burnaby Lodge, Ryton-on-Tyne (A) Nov. 1893 

Armstrong, S., 14, Victoria Place, Hartlepool (A) Nov. 1888 

B. 

Bacon, William Charles, Chad wick House, West Hartlepool ... (S O) Dec. 1890 
Ball, Alfred F., 14, Landsdowne Terrace, Gosforth, Newcastle-on- 
Tyne (A) Nov. 1894 

Barklam, George, 167, Dudley Port, Tipton, StafEordshire ... (A) April 1888 

Barr, John Smith, 5, Mosley Street, Newcastle-on-Tyne (A) Nov. 1893 

Barraclough, Thomas, Messrs. The West Hartlepool Steam 

Navigation Co., West Hartlepool (SO) Dec. 1890 

Barwick, J. S., Ashbrook Grange, Sunderland (S O) Nov. 1884 

Bell, John Henry, 39, Albert Drive, Pollockshields, Glasgow (I It S M) Oct. 1887 

Beynon, Thomas, 9, Dean Street, Newcastle-on-Tyne (E A) Oct. 1891 

Bigge, C. W., Northern Counties Club, Newcastle-on-Tyne ... (A) Dec. 1889 

Bingham, Col. J. E., Manufacturer, West Lea, Sheffield Mar. 1895 

Blacklin, Richard James, Dinsdale House, Brougham Terrace, 

West Hartlepool (SO) Dec. 1890 

Branfoot, W. J., Messrs. Tyzack & Branfoot, 18, John Street, 

Sunderland (SO) Dec. 1887 

Briggs, R. S., Moorlands, Sunderland (SO) Dec. 1886 

Brims, D. N., 4, St. Nicholas' Buildings, Newcastle-on-Tyne ... (C) Nov. 1893 

Brunton, John, 3, Prior's Terrace, Tynemouth (S O) Oct. 1886 

BuUen, Tempest C, c/o Messrs. H. E. Moss & Co., k. Exchange 

Buildings, Newcastle-on-Tyne (SO) Nov. 1891 

C. 

Carnegy, Robert B., Kimberley Club, Kimberley, South Africa ... (A) Oct. 1891 
Carr, Ralph, Thornleigh, Clayton Road, Newcastle-on-Tyne (A Ic S O) Nov. 1886 
Cassap, William, 15, East Field Road, Walthamstow, Essex ...(SUR) Feb. 1890 
Caws, Frank, 22, Fawcett Street, Sunderland (C E) Oct. 1892 



XXXIX 

ELECTED. 

D, Edward Asher, 2, Rumford Place, Liverpool (SO) Nov. 1889 

Coxx^xnon, Ifrancis James, 5, Elms West, Sunderland ... (I * S M) Oct. 1887 

.«,L. R., Exchange, West Hartlepool (S O) Jan. 1891 

», Charles, Average Adjuster, Wellington Road, West 

Hartlepool (A A) Aprill893 

•l>itt, Michael, 18, Mosley Street, Newcastlc-on-Tyne (R M) Jan. 1890 

John, 43, Stanley Street West, North Shields (SO) Oct. 1886 

Co^vexriale, R. H., Messrs. J. Coverdale & Sons, Steamship Owners, 

Vest Hartlepool (SO) Nov. 1888 

^^^'■oeier, Edward James, 3, The Hawthorns, East Boldon CA) Oct. 1889 

C\illif ord, J. H. W., 45, West Sunniside, Sunderland (SO) Nov. 1884 



D. 

^^ A. P., 13, Dean Street, Newcastle-on-Tyne (A) Jan. 1889 

^^*^ E. F., 36, Side, Newcastle-on-Tyne (A) Nov. 1893 

^^ John B., 36, Side, Newcastle-on-Tyne (OH EM) Oct. 1888 

^^» Ea.ward John, 6, St. Nicholas* Buildings, Newcastle-on-Tyne Oct. 1890 



E. 

» Edward, Royal Insurance Buildings, Queen Street, New- 
^^^^i^e-oTL'Tyne (Li/a Associate) (S O) Oct. 1887 



F. 
Sir Christopher, Baltic Chambers, West Hartlepool .,. (S O) Oct. 1888 



G. 

Grah^^^' William, LL.D., 13, Spring Gardens, London, 8.W. ... Jan. 1889 

,^^, Frank, Bank Chambers, Mosley Street, Newcastle-on- 
"^ ^ne (E A) Nov. 1891 



H. 

fiaidxr 

« .^^^ John, Jun., Brunswick Street, West Hartlepool (I M) Nov. 1893 

^ ^^d, George, 1, Westoe Crescent, South Shields (A) Dec. 1888 

r^T^On, Thomas, 9, Bridge Street, Sunderland (A) Dec. 1894 



g -^j John H., 10, Esplanade West, Sunderland (S) Dec. 1886 

^^^1, Robert, Northern Oil Works, Close, Newcastle-on-Tyne 

n , KiLife Associate) ... (A) Nov. 1893 

g^^"^, Richard O., Akenside Hill, Newcastle-on-Tyne ... (I <( S M) Oct. 1885 
H d!^' H. E., 23, Lily bank Gardens, Hillhead, Glasgow ... (I * S M) Feb. 1885 

ttl^^^ Ralph M., Jun., 8, The Cedars. Sunderland (SO) Dec. 1886 

^g. Charles, I, Exchange Buildings, Quayside, Newcastle-on- 

lyne (S O) Aprill886 

^^*^^, Sidney B., Printing Court Chambers, Newcastle-on-Tyne (A) Nov. 1893 



Ix 

ELVCTEI>. 
I. 

Innes, Charles H., Rutherford College, Newcastle-on-Tjne ... (E) Oct. 1891 

J. 

Jenkins, Alfred, Tweed House, Victoria Terrace, Jarrow-on-Tyne (A) Nov. 1893 
Jobson, W. J., c/o Messrs. Robert Stephenson & Co , South Street, 

Newcastle-on-Tyne (A) May 1889 

Jordan, John George, 24, Stansfield Street, Sunderland (A) Nov. 1892 

L. 

Lennard, William, c/o Messrs. J. M. Lennard & Sons, Middles- 
brough (S) Dec. 1891 

Lloyd, John, Deptford Shipyard, Sunderland (A) Oct, 1894 

Lockie, John, 4, Sanderson Road, West Jesmond, Newcastle-on- 
Tyne (S O) Oct. 1892 

Loveridge, W. H., Albert Terrace. West Hartlepool ... (I $( S M) Oct. 1888 

M. 

Macarthy, George B., 9, Dean Street, Newcastle-on-Tyne (S O) Oct. 1887 

Mail, Douglas B., 14, Humbleton View, Sunderland (M S) Feb. 1896 

Maughan, Thos., Jun., Hollyfield House, Sorley Street, Sunderland (A) Nov. 1893 
Maughan, William, 13, Mosley Street, Newcastle-on-Tyne ... (A) Feb. 1887 

Mcintosh, R. Y., 53, Quayside, Newcastle-on-Tyne (E A) Nov. 1891 

Mclntyre, John, 3, Abbotsford Terrace, Newcastle-on-Tyne ... (S O) Jan. 1885 
McNabb, Thos., Call's Buildings, Quayside, Newcastle-on-Tyne ...(SO) Nov, 1886 
Meek, John George, 10, Belle Vue Road, Tunstall Road, Sunder- 

X£*XA.U ••• ••« •■• ■•■ ■•• ••• ••• .,. .•• v^^/ J^wtJ* J 0«7 Y 

Metcalf , Thomas, 18, John Street, Sunderland (S U R) Jan. 1 888 

Milbum, J. D., Queen Street, Newcastle-on-Tyne (S O) Nov. 1884 

Miller, T. R., 9, Great St. Helen's, London, E.C (A * S O) Nov. 1884 

Mitcalfe, John Stanley, Chairman of Northern Maritime Insurance 

Co., Maritime Buildings, Newcastle-ou-Tyne (A Ic S O) Jan, 1892 

Muir, James, 2, Dingle Lane, Liverpool (MS) Nov. 1893 

Mulherion, G. F., Croft Villa, Jarrow-on-Tyne (A) Nov. 1884 

Muller, J. C. F., 28, Vieille Route, Antwerp (SUR) Feb. 1890 

Murray, Matthew, The Green, Wallsend-on-Tyne (A) Nov. 1893 

N. 

Newby, S., c/o Messrs. Thomson &Newby, Edinburgh Chambers, 

41, Fawcett Street, Sunderland (I Ic S M)Nov. 1884 

Nicholson, John, 7, Side, Newcastle-on-Tyne (MS) Nov. 1890 

Nixon, John, c/o Messrs. Blyth Shipbuilding Co., Blyth (A) Oct. 1894 

O. 

O'Hagan, James, 90, Quai de la Fosse, Nantes, France (A) Oct. 1888 

Olscn, Hans Benedick, 70, Church Street, West Hartlepool ...(SO) Mar. 1893 
Osbourne, Jas., 11, The Oaks, Sunderland (S) Jan. 1886 



xU 

ELECTJCD. 
P. 

Patumu^ Thos., 2, The Elms, Sunderland ... (S) Jan. 1886 

Feny, Edwin, Queen Street, Newcastle-on-Tyne (A) Nov. 1886 

Feteisei], William, 7, Haldane Terrace, Jesmond, Newcastle-on- 

Tme (S O) Nov. 1893 

Phalp, Oliver, Almora, 37, Richmond Road, CardlfE (SUR) Feb. 1889 

Pinknej, Thomas. 3, Ashbrook Terrace, Sunderland (SO) Dec. 1886 

Firrie, itobert Reid, Baltic Chambers, Quayside, Newcastle-on-Tyne (S O) Dec. 1889 
Proctor, J. H., 22, Hawthorn Terrace, Newcastle-on-Tyne ... (I M) Nov. 1893 



R. 

Badloff, Captain 0., Marine Superintendent, Russian Volunteer 
Fleet Committee, 14, Catherine Canal, St. Petersburg, 

Russia (M S) Nov. 1891 

Ramsay, J, W., 13, Northbrook Road, Lee, Kent (A) Feb. 1885 

Reich wald, A., Lombard Street, Newcastle-on-Tyne (A) Nov. 1884 

Reid, Andrew, i*rinter, Akenside Hill, Newcastle-on-Tyne ... Nov. 1884 

Renwick, G., Messrs. Fisher, Renwick, & Co., Queen Street, 

Newcastle-on-Tyne (SO) Nov. 1884 

Rickinson, John, 9, Church Street, West Hartlepool (SO) Nov. 1890 

Robson, Frederick, 46, Dean Street, Newcastle-on-Tyne ... (SI M) Oct. 1887 

Kobson, Thos., Causeway House, Sunderland (SO) Nov. 1884 

Randeman, John Finley, 38, Larkspur Terrace, Jesmond, New- 
castle-on-Tyne (M S) Nov. 1892 

Rancimaji, Walter, Fernwood House, Clayton Road, Newcastle- 
on-Tyne (SO) May 1895 



S. 

Scholefield, A., 17, Sandhill, Newcastle-on-Tyne (SO) Nov. 1884 

Scott, W. H., Messrs. Scott Brotliers, Dean St., Newcastic-on-Tyue (S O) Nov. 1884 

Sinclair, John, Church Street, West Hartlepool (SO) Feb. 1895 

Snowdon, W. F., 32, Side, Newcastle-on-Tyne (E A) Dec. 1886 

Sqaance, J. W., 13, The Avenme, Sunderland (MS) April 1888 

Swan, Isaac J., Grove House, Gosforth, Newcastle-on-lyue ...(SO) Feb. 1888 



T. 

Tate, Arthur, Bank Chambers, Sandhill, Newcastle-on-Tyne ... (O) Nov. 1893 

Thompson, V. T., Baltic Chambers, Sunderland (SO) Dec. 1886 

Towers, Edward, 4, Latimer Street, Tynemouth (A) Oct. 1888 



W. 

Wade, Wentworth S., 2, Otteran Place, South Parade, Waterford (M S) April 1896 
Wait, James, Maritime Buildings, King Street, Newcastle-on-Tyne (S O) Nov. 1884 

Wait, John, 12, Broughton Road, South Shields (A) Oct. 1891 

Walker, James, c/o Messrs. Gilchrist, Walker, & Co., Constantinople (S O) Mar. 1894 



xlii 

BLE 

Wallace, Wm.,27, South Scarborough Street, West Hartlepool ... (A) Oct. 

Watson, Thomas W., Glsbum House, Hartlepool (MS) Nov. 

Weatheral, Henry, 27, Alderson Street, West Hartlepool ... (A) Feb. 

Wilson, F. Alfred, 45, West Sunnislde, Sunderland (I M) Nov. 



Y. 



Yeoman, F., Messrs. Murrell & Yeoman, West Hartlepool ...(SO) Nov. 

Younger, Robert Laurie, Messrs. Greenock Steamship Co., Limited, 

ureenocK ... ... ... ... ... ... ... ... CA^ Feb. 



GRADUATES. 



A. 



Adams, Cecil Turner, 1, Race Street, Newcastle-on-Tyne (E) Oct. 

Adams, Dawson, Brinkburn Terrace, Westoe, South Shields ... (E E) Oct. 
Anderson, John, University College, Gower Street, London, W.C. (E) Oct. 
Andrew, David, Jun., 33, Osborne Road, Newcastle-on-Tyne ... (E) Oct. 
Ashton, Arthur W.. 29, Falconar Street, Shicldfield, Newcastle-on- 

^yu6... ... ... ... ... ... ... ... ... ICl Lr6C. 



B. 

Baker, Ernest T (E) Nov. 

Barbour, John, 1, Logan Terrace, South Shields (E) Nov. 

Beale, Harry, Otterburn Terrace, Newcastlc-on-Tyne (S) Jan. 

Beilby, Norman Harry, 1, Kingsley Place, Heaton, Newcastle-on- 

^ Y Uw ■•■ ••• >•• •■• ■•• .«• ..• •«• K^m J X^WV^a 

Bennet, Arnold, 47, Grove Street, Elswick Road, Newcastle-on- 

^ YUw* •• ••• ••> ••• ••• •■• •■• ••* ••• L I « '^J ^J^y^* 

Bent, John Bradbury, 17, Denmark Street, Gatcshcad-on-Tyne ... (E E) May 
Bentham, Frederick Lister, 9, Bellegrove Terrace, Newcastle-on- 

^ J XXC ••• ••• ••• ••• ••• ••• ••■ ■•• ••• i ^m J J-/ (?0 • 

Bilbrough, Kenneth L., Thornby, Strawberry Hill, Middlesex ... (E) Nov. 

Binns, Aubrey B., 23, Thomhill Terrace, Sunderland (E) Oct. 

Borthwick, Robert J., 8, Kensington Terrace, Newcastlc-on-Tyne (E) Dec. 

Boswell, Cecil Robert, The Hollies, North Walsham, Norfolk ... (E) Nov. 

Bowden, John, Sheriff Mount, Gateshead-on-Tyne (E) Jan. 

Brodin, Olof, Gefle, Sweden (S) Mar. 

Brown, George M., 243, Albert Road, Jarrow-on-Tyne (E) April 

Bryers, Charles, 10, The Avenue, Sunderland (E) Dec. 

Bulmer, Frederick Charles, 1, Graingerville North, Newcastlc-on- 

^ Y XXC •■• «•• ••• >•• ••• •«* ••• ••• ••• I ^m I HX G* Y 

Bulmer, Septimus, 1, Graingerville North, Newcastle-on-Tyne ... (E) May 

Burn, Donald B., 7, The Elms West, Sunderland (S) Nov. 

Burnett, Jacob Edward, 10, Prior's Terrace, Tynemouth (E) Oct. 



zliii 



C. 



ELECTED. 



Cadman, C. C, Clifton Uolme, York (E) Nov. 1891 

Cairns, Charles W., 84, Addison Road, Heaton, Newcastle-on-Tyne (E) Nov. 1894 

^alvert, T. Hore&U, 4, South Crescent, Hartlepool (E) Nov. 1891 

^'pniael, Richard Herbert, Boscobel, Crown Lane, Streatham 

Common (E) Jan. 1893 

^*"> Ralph, Jun., Thomleigh, Clayton Road, Newcastle-on-Tyne (E) Jan. 1894 

^*^^r, Thomas, Jan., Belle Vue Park, Sunderland (E) Nov. 1891 

^^^^worth, George S., 1, Humbleton View, Bunderland (E) Nov. 1891 

r^^l, Alex. B., 43, Stanley Street W., North Shields (E) Feb. 1887 

^^ell, Richard B., Montpellier, Sunderland (E) Dec. 1893 

^ord, J. F., c/o John Dickinson, Esq., Palmer*B Hill Engine 

Works, Sunderland (E) Nov. 1893 



-,^^ — I], Henry F., 2, Gloucester Terrace, Newcastle-on-Tyne (E E) May 1894 
^^^bie, W. Alan D., 13, Bldon Street, Newcastle-on-Tyne ... (E E) Oct. 1894 



D. 

"^^8, James Albert, 4, Dickinson Crescent, Gosforth, Newcastle- 

^ on-Tyne (S) Dec. 1892 

^^^n, William H. G., 49, Sanderson Road, West Jesmond, 

Kewcastle-on-Tyne (E) Dec. 1892 

^^ft, Henry James, c/o Messrs. William Dobson & Co., Walker- 

ou.Tyne, R.S.0 (8) Oct. 1891 

^O'^aB, John, 5, Ash Place, Sunderland (E) Dec. 1892 

^^tt, J. Brentnall, c/o Messrs. Joseph Adamson & Co., Hyde, 

tv ^^eshire (E E) Oct. 1888 

^^tt^ Talbot, Leazes Gate Villa, Spital Tongues, Newcastle- 
ox^-Tyne (E E) Oct. 1891 



E. 
*^aon, Frank A., Otterburn Villas, Newcastle-on-Tyne ... (S) Nov. 1893 



Fo^.^ ^*8tonhaugh, Albany, 13, Park Place West, Sunderland ... (E) Oct. 1894 
^'^^» Ungh M., Assistant Engineer, R.N., H.M.S. « Ramillies," 

Fo-fci^^ -^Mediterranean Squadron (E) Nov. 1893 

Fck^j.^-^^» Alfred L., 2, Shaftesbury Place, Gateshead-on-Tyne .. (E) Nov. 1891 

Fc^^j,^^^^, Edgar S., 2, Shaftesbury Terrace, Gateshead-on-Tyne .. (E) Jan. 1894 

'*, L. P., 23, Lovaine Cxescent, Newcastle-ou-Tyne (E) Nov. 1893 



(^^Tt^^, Thomas, 162, Roker Avenue, Monk wearmouth, Sunderland (E) Nov. 1898 

|>c, W. ... ... .•• ... ••• ... ••« ... \^/ '^OV. XO9X 
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Hamilton, Robert C. The College, Durham (E) Dec. 1892 

Hancock, Bede. St. Bede's Vicarage, Sunderland, M. (E) Dec. 1894 

Hewitt, John, 29, Holly Street, Jarrow-on-Tyne (S) Nov. 1890 

Hick, Charles, 21, Sea View Terrace, South Shields (E) Oct. 1894 

Hinchliffe, Robert, 25, Hawthorn Street, Newcastle-on-Tyne ... (S) Nov. 1893 
Hudson, Charles J., 84, Addison Road, Heaton, Newcastle-on- 
Tyne (E) Nov. 1894 

Hughes, Thomas C, 3, Summerhill Street, Newcastle-on-Tyne ... (E) Nov. 1893 



J. 

Jepson, Henry, 34, St. Mary's Place, Newcastle-on-Tyne (E) Nov. 1893 

Johnson, Alington, 22, Camden Street, Southwick, Sunderland ... (E) Mar. 1892 

Jonas, Owen M., 23, Lovaine Crescent, Newcastle-on-Tyne .. (E E) Dec. 1894 

K. 

Keen, Harry Bernard, 6, Beauclere Terrace, Sunderland (S) Dec. 1889 

Kennedy, Robert Sinclair, 19, James Terrace, Wallsend-on-Tyne (E) April 1893 
Kerr, William, c/o Messrs. J. & G. Thompson & Co., Clydebank, 

Glasgow (S) Oct. 1891 

Kitchin, Arnold, Marine Parade, East Hartlepool (E) Dec. 1892 



Laing, Hugh, Thomhill, Sunderland (N A) Dec. 1894 

Lishman, John James, Jun., 16, Lovainu Place, Nortli Shields ... (E) Dec. 1892 
Lynn, John Robert Dent, 31, General Gordon Terrace, Sunderland (E) April 1893 



M. 

Macdonald, William C, 15, Union Street, 11 arilepool (E) Mar. 1895 

Mace, Charles, 253, Albert Road, Jarrow-on-Tyne (E) Nov. 1894 

Maslen, Frank E., 14, Belsize Park Gartlens, Hampsteiul, Ix>ndon. 

N.W. (E) Nov. 1891 

Mather, Clifford B (S) Oct. 1892 

McKenna, Francis, 46, Hodgson Street, Willington Quay-on-Tyne (E) Dec. 1890 

McRobie, Frank, 25, Victoria Street, Newcastle-on-Tyne (E) Mar. 1889 

Mellanby, Alexander L., Fern Leigh, Grange Road, West Hartle- 
pool (E) Dec. 1894 

Moroney, Edwaixi P., 40. Thini Avenue, He;Uon, Newcastle-on-Tyne (E) Feb. 1892 

Mould, Francis, 36, Salter's Raid, Gosforth, Newcastle-on-Tyne... (E) Feb. 1892 
Murray, George Harper, Blythwood Place, Inchinnan Road, 

jLventrew ... ••• ... ... ... ... ... ... (^/ i-'CC* Xo«i2 

Musgrave, E vers, 147, St. Owen's Street, Hereford (E) Nov. 1891 



N. 

Nichol, Bryce Gray, 35, Lcazes Terrace, Ne\vca.<tle-on-Tyne ... (E) Oct. 1891 
Nicholson, James Henry, 30, .Vz;ilea Terrace Si>uth. SunderLand ... (E) Mar. 1892 
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0. 

Q'taen. Hans B., Jun., Wellington Road, West Hartlepool... ... (E) Feb. 1895 

P. 

Calmer, Henry G., 12, Havelock Street. Newcastle-on-Tyne •• (E E) Dec. 1894 

Patterson, Robt. 0., Thoraeyhol me, Blaydon-on-Tyne (E) Jan. 1895 

^earce, Standen L., 42, York Road, West Hartlepool ... ... (E) Dec. 1893 

^'earson, James, 10, Beech Grove Road, Newcastle on-Tyne ... (S) Nov. 1893 

^endreti, L. St. L., 18G, Portland Road, Newcastle-on-Tyne ... (E) Mar. 1894 

Pet tit, Arthur Edward, Oatlands Park, Weybridgo (E) Dec. 1892 

Phillips^ John Frederick, 33, Tower Wall, East Hartlepool ... (E) Oct. 1892 

Pnrvis, Herbert T., 5, Graingerville, Newcastle-on-Tyne (E) Oct. 1894 

R. 
^incock, Walter, c/o Mrs. Ewart, 8, Washington Terrace, North 

Shields (N A) Dec. 1893 

^ppoport, Fred. G., 68, HolJy Avenue, Jesmond, Newcastle-on-Tyne (E) Mar. 1894 

^^<i» John Robert, 88, Leslie Terrace, Aberdeen (E) Nov. 1892 

**^^^by, Augustine, Bloomfield Engine Works, Monkwearmouth, 

Bunderland (E) Nov. 1886 

^^Jiton, C. William, 17, Denmark Street, Gateshead-on-Tyne ... (E) Nov. 1893 

R'^^inson, Charles O., Ingleside, North Shields (E) Dec. 1893 

B<>V>Qon, Nathaniel B., 32, North Terrace, Wallsend-on-Tyne ... (E) Dec. 1894 

B^bson, Robert, 166, Rye HiU, Newcastle-on-Tyne (E E) Dec. 1894 

S. 

^^^, Alex. C, Malvern House, Edward's Road, Whitley, New- 

cafitle-on-Tyne (E) Jan. 1895 

^*^^ Joseph, 49, Leazes Terrace, Newcastle-on-Tyne (E) Dec. 1891 

^^^y W. A., 100, George Road, Newcastle-on-Tyne (E E) Oct. 1894 

Diioit, Thomas Smart, c/o Messrs. Sliort Brothers, Pallion. 

Sunderland (S) Oct. 1892 

^^'^Pson. Kenneth, 24, Hartington Street, Barrow-in-Furness ... (S) Dec. 1893 

Sniith, WiUiam S., West Villa, The Green, WaUsend-on-Tyne ... (S) Dec. 1893 

Spencer, Harry John, 3, Victoria Street, Newcastle-on-Tyne ... (E) Dec. 1892 

^^^, William, 106, Addison Road, Heaton, Newcastle-on-Tyne (E) Nov. 1891 
•^ ^ Charles E., Amside House, Grosveuor Road, Newcastle-on- 

Shn^^ (E E) Nov. 1893 

Ste h ^^^^ W., 38, Addison Road, Heaton, Newcastle-on-Tyne (E) Jan. 1892 

Stepb^^^ -^enry C. J., 99, Dagnall Park, Selhurst, London, S.E. (E) Oct. 1890 
,j ^^, Robert, c/o Messrs. Robt. Stephenson & Co., Limited, 

ggm^ ^^H Street, Newcastle-on-Tyne (E) Mar. 1894 

^^aiLG**^^' Benjamin, Dene Crescent, Walker-on-Tyne, K.S.O. ... (E) Dec. 1892 

^^i*ge, Messrs. Cooney & Swan, Skippers Street, Belfast ... (E) Mar. 1894 

T. 

,j,^°^ -Harold, 6, St. John's Road, Stockton-on-Tees (S) Dec. 181»3 

T ^* "^^Jbeit Gates, 169, Coatsworth Road, Gateshead-ou-Tync (E) Nov. 1894 

vwdeW^ G. H., 11, Oxford Street, Newcastle-on-Tyne (E E) May 1894 
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V. 

Vardy, George^ Neptune Engine WorkS) Walker-on-Tyne (E) Oct. 1894 

W. 

Wakeham, John F., 50, De Grey Street, Newcastle-on-Tyne ... (S) Mar. 1893 
Walker, Gavin Knox, c/o Messfs. Ernest Scott, Mountain, & Co., 

The Close, Newcastle-on-Tyne (E) Mar. 1894 

Warburton, John A., 16, Northcote Avenue, Sunderland (E) Mar, 1894 

Wawn, T. Noel, 6, Belle Vue, Sunderland (E) Nov. 1893 

Weightman, Thomas, 179, Portland Road, Newcastle-on-Tyne ... (S) Dec. 1892 

Wilkin, Ernest Vivian, 11, Appold Street, Finsbury, London, E.G. (E) Nov. 1892 

Willcox, Reginald J. N., The Oaks West, Sunderland (E) Mar. 1892 

Wilson, John R. S., Roseworth Tower, Gosforth, Newcastle-on-Tyne (E) Mar. 1894 

Wood, John Scott, 6, Eslington Terrace, Newcastle-on-Tyne ... (8) Oct. 1891 

Wyand, Fred. W., 13, Eldon Street, Newcastle-on-Tyne (E E) Oct. 1894 
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THE NORTH-EAST COAST INSTITUTION 

OP 

ENGINEERS AND SHIPBUILDERS. 



(Tonetitution anD Bi^e^Xawe, 

Adopted at a General Meeting on the 4th Mabch, 1885. 

Betised at the Closing Business Meeting held on May 4th, 1887. 

Be-Bevisbd at the Closing Business Meetings held on May 
9th, 1888, May 13th, 1889, May 11th, 1891, and May 14th, 
1895. 



CONSTITUTION. 

I. — ^The Name of the Association is "The North-East Coast Name. 
InBtitution of Engineers and Shipbuilders." 

II. — The Objects for which the Institution is established objects, 
are : — The advancement of the science and practice of Engineer- 
ing and Shipbuilding, and the interchange of ideas and informa- 
tion amongst its members, by means of meetings for the reading 
and discussion of papers relating thereto, and placing on record 
its transactions. 

III. — The Institution shall consist of Honorary Members, 
Members, Associates, and Graduates. 

rV. — ^Honorary Members shall be such distinguished Honorary 

" Members. 

persons as the Council may elect. 

V. — Members shall be Principals or Principal Managers Members. 
engaged in Engineering or Shipbuilding ; Civil, Military, or 
Mining Engineers, or Naval Architects ; whose subscription 
shall be Two Guineas per annum : and other persons engaged in 
the above professions ; whose subscription shall be One Guinea 
per annum. 

VI. — Associates shall be such persons as are not strictly AaBociates. 
Engineers or Shipbuilders, but are connected with or interested 
in such pursuits, and are deemed by the Council to be eligible 
for Associate membership. Their subscription shall be One 
Guinea per annum. 
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VII. — Graduates may be persons under twenty-four years 
of age, engaged in stady or employment to qualify themselves 
for any of the above professions. Their subscription shall be 
Half-a-Guinea per annum. 

Tin. — Any Member may become a Life Member by a 
single payment of Twenty Guineas, or any Associate may 
become a Life Associate by a single payment of Ten 
Guineas. All such compositions shall be deemed to be capital 
moneys of the Institution. 

IX. — The Council of the Institution shall be elected from 
and by the Members, and shall consist of one President, the 
Past-Presidents, nine Vice-Presidents, fifteen Ordinary Members 
of Council, and an Honorary Treasurer. 

X. — ^The President and Honorary Treasurer shall be elected 
annually. Three Vice-Presidents and five Ordinary Members of 
Council shall be elected annually. The retiring Vice-Presidents 
and Ordinary Members of Council shall be those who have 
served three years from their last election. 

The President shall be eligible for re-election for a second 
year ; should he be re-elected he shall retire at the conclusion of 
his second year of office, and shall not again be eligible until 
after an interval of one year. 

The retiring Vice-Presidents shall be eligible for re-election. 
The retiring Ordinary Members of Council shall not be eligible 
for re-election to the same office until after an interval of one 
yeai', but shall be eligible for election to any other office. 

The Honorary Treasurer shall be eligible for re-election 
annually, or for election to any other office. 

XL — Honorary Members may attend all the General Meet- 
ings, they may read papers, take part in discussions, in voting, 
in moving and supporting resolutions, in presentation of notices 
of motion, or in requisitions for Special Meetings, and in the 
proposition of new members ; they shall also receive copies of 
the Transactions. 

XI I. — Members shall have all the privileges of the Institu- 
tion as enumerated in the foregoing paragraph, and shall be 
eligible for office. 

XIII. — Associates shall have all the privileges enumerated in 
paragraph XL They shall be eligible for office as Ordinary 
Members of Council. 
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'.-—Graduates may attend all the General Meetings, they gjj^^^* 
Tti^y 1"^«m1 papers, take part in discussions, and support resolu- 
tions; t:hey shall also receive copies of the Transactions, but 
Bhall ixc>t sign proposals for new members, vote, nor be eligible 
forofioc. 

^V".— The General Meetings of the Institution shall be held £®^J[^ 
during the months of October to May, inclusive, of each year. 

. .^"^H:.— -When the word Member is initialled with a capital letter it 
signifies sx member under paragraphs IV. and V., but when initialled with a 
small let-terjit signifies a member of any class of the Institution membership. 



BYE-LAWS. 



MEMBERSHIP. 

^ — ^Every candidate for admission as a Member, Associate, iSSiSon!'^' 
^ Graduate shall be proposed and recommended according to 
"orm A in the Appendix, in which form the name, usual 
^^^iice or the place of business, the qualification for, and pro- 
P^^ class of membership of the candidate shall be distinctly 
^P^^fied. Proposals for Graduates must give the date of, and 
^^' last birthday. 

The form shall be signed by a Member or Associate of the 
^^ttition, as proposer, and by at least other three Members or 
"^^iates as supporters, certifying a personal knowledge of the 
^^didate. 

^e proposal so made shall be submitted to the Council, 

Qea^ if it be approved, the Chairman shall sign the approba- 

^^ Which shall be inserted in the notice calUng the next 

J^erai Meeting, when the candidate shall be balloted for, and 

' l>e accepted if three-fourths of the votes are favourable. 

•^■^Graduates desirous of becoming Members shall be pro- 

V^ ^d recommended according to the Form B in the 

^i^aix. 

*^e proposal so made shall be submitted to the Council, who 

shall ^c> . • . •. 

**§ree to or reject it. 

•'^^The balloting for membership shall be conducted in the Me^mbSf '''' 

^^ing manner : — Each member shall be supplied by post with 

^ ^ ^f the names of the candidates, according to the Form C 

^ ^^ Appendix, and shall strike out the names of such can- 

o\<iviv^s as he desires shall not be elected. These lists mav be 
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returned to the Secretary by post, or may be deposited in 
ballot-box by the voter in person on entering a meeting at wb 
an election is to take place. The ballot-box will be closed 
ten minutes after the advertised time of meeting. The 1j 
shall then be handed over to the Chairman, who shall appo 
two Scrutiueers to examine them, after which examination t 
Chairman shall inform the meeting of the result. 

4. — Notice of Election as a member shall be sent to the ca 
didate within one week after his election, according to the For 
D in the Appendix ; but his name shall not be added to the li 
of Members, Associates, or Graduates of the Institution, un 
he shall have paid his first annual subscription. 

5. — In case of rejection of the candidate, no mention there 
shall be made in the minutes, nor shall any notice be given 
the unsuccessful candidate. 

6. — All subscriptions shall be payable in advance, and sh 
become due on the 1st of August each year. Any Memb 
Associate, or Graduate, wishing to retire from the Instituti 
shall continue to be liable for his annual subscription until 
shall have given formal notice of his retirement to the Secretai 
which notice must be given on or before the 31st of AugusU 
each year. Application for membership may be made at ^ 
time during a Session, and the subscription shall cover 1 
membership up to the 1st of August following. 

7. — On payment of each subscription the Secretary sh 
forward to the member an official receipt. 

8. — On question of privilege. — Any person who may be ui 
known in the meeting shall only be able to claim the privile* 
in question on proving his membership for the current SessioD 

9. — Any member whose subscription is one year in arre 
shall be reported to the Council, who shall direct application 
be made for it, according to Form E in the Appendix ; and 
the event of its continuing in sfrrear until tlie end of tl 
Session after such applicjition, the Council shall have the pow 
after remonstnmce by letter, according to the Form F in t 
Appendix, of declaring that the defaulter has ceased to be 
member. 

10. — The Council may refuse to continue to receive the si 
scriptions of any member who shall have wittingly acted 
contravention of the Regulations of tlie Institution, or who sh 



u 

mthe opinion of the Council, have been guilty of such conduct 

^ shall have rendered him unfit to continue his membership ; 

™ the Council may remove his name from the list of members : 

^^^ such person shall thereupon cease to be a member of the 

'^^itution. Notice of such action of the Council shall be for- 

'^^ded to the person in question, in accordance with the Form 

^^ the Appendix. The reason for such action of the Council 

^^I not be stated to the person expelled, without the sanction 

^^ t-he Council. 

OFFICERS. 

11.— The Annual Election of Officers shall be conducted in oa^rl"®' 

^^ following manner : — The Council shall meet in March or 

*^Pnl, and shall arrange a list of nominations, in accordance 

^th the Form H in the Appendix. Such list shall be presented 

^* the General Meeting immediately preceding the last General 

Meeting of the Session, and any Member present shall be at 

^^Dertj to nominate additional Members. The list shall show 

^^o remain in office throughout the Council, and who are 

^^^iiig. It shall nominate new names in the place of the 

retiring Members, and the number of nominations shall be 

^^^ in excess of the number required in each section of the 

^^^^cil. A copy of this ballot list shall be forwarded to each 

^^*iiT)erand Associate, together with a complete list of Mem- 

J^^> to be filled in, in accordance with the instructions printed 

'° trhie ballot form, and to be returned to the Secretary, to be 

^P^i>^ in the presence of the Council, at a Council Meetine 

^nioli shall be held in April or May, when the scrutiny and 

^^riting shall be carried out by the Council. Any Member in 

^^^ing shall be at liberty to erase any name or names from the 

sand substitute the names of any other person or persons 

^*^He for each respective office other than those already placed 

on t^Vie ballot list by the Council and Members of the Institution. 

^ny voting paper returning either more or less than one 

^^^'dent, nine Vice-Presidents, one Honorary Treasurer, and 

^^^^n Ordinary Members of Council, shall be disqualified for the 

se^^tion or sections in wiiich such errors occur, and the votes 

* ^^^ be lost for the said section or sections. The votes given 

^ ^i^ident, to a Member who is not elected President, shall 

^^Qnt to him as a Vice-President ; the votes given as Vice- 

*^dent, or Treasurer, to persons not so elected, shall count to 
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tliera as Ordinary Members of Conncil, unless they have just 
completed a term of oflSce in such capacity. 

The voting list shall not be sent to any Member and 
Associate whose subscriptions are more than one year in arrear ; 
nor shall any Member be nominated on the list. For this 
purpose, the Secretary shall prepare, previously to the meeting 
of Council, a list of those Members whose subscriptions are more 
than one year in arrears. 

12. — The result of the ballot for Officers shall be declared 
at the Closing Business ^[eeting, to be held in May, at 
which meeting general business shall be transacted. At this 
meeting the newly-elected Officers, after being declared, shall 
enter Into office ; and this shall be the last meeting of the Session. 

13. — The Council shall have power to supply any casual 
vacancy within itself (including any casual vacancy in the office 
of President), which shall occur between one May Meeting and 
another; and the Officers so appointed shall retire when the 
person whose place they fill would have retired. Vacancies not 
filled up during the year shall be filled at the (Jeneral Election. 
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GENERAL MEETINGS 

14. — The Annual General Meeting shall take place in October, 
and the Closing Business Meeting in May ; each of these meet- 
ings shall be held in Newcastle-upon-Tyne. The Ordinary 
Meetings shall take place in the second week in each following 
month during the Session, unless otherwise arranged by the Coun- 
cil, and at such hours and places as the Council may determine. 

15. — Seven clear days' notice of every Genei*al Meeting, Ordin- 
ary or Special, specifying tlie nature of business to be trans- 
acted, shall be given to every member of the Institution. 

16. — A Special General Meeting may be convened at any 
time by the Council, and such meeting shall be convened by the 
Council whenever such is the declared wish of a General Meetiiijr, 
or whenever a written requisition, signed by twenty members, 
specifying the object of the meeting, is left with the Secretary. 
If, for fourteen days after the delivery of such requisition, a 
meeting be not convened in accordance therewith, the requisi- 
tionists, or any twenty members of the Institution, may convene 
a Special Meeting in accordance with the requisition. The 
business discussed at such Special Meetings shall only be that 
indiaited on the notice calling the meeting. 
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' -^-^Twenty Members shall constitute a quorum for the pur- 

Y^ ^^ ^ meeting other than a Special Meeting. Thirty Members 

^ institute a quorum for the purpose of a Special Meeting. 

^°- — The President shall be chairman at every meeting, and 

*^ absence, one of the Past- Presidents or one of the Vicc- 

resid^jj^g ; or in the absence of these, an Ordinary Member of 

^'iiicij shall take the chair ; or if no Member of Council be 

P^^sent and willing to take the chair, the meeting shall elect a 

Chairman. 

19. — The decision of a General Meeting shall be ascertained 
"y a show of hands ; or, when five Members or Associates shall 
demand, or the Chairman may think it desirable, the decision 
^U be taken by ballot. The manner of counting the votes 
shall be at the discretion of the Chairman, and an entry in the 
'Minutes, signed by the Chairman, shall be deemed sufficient 
^^idence of the decision of a General Meeting. In cases of 
^^ality of votes, the Chairman shall have a casting vote ; other- 
^^e he shall not vote. 

20. — Questions of a personal nature arising in a General 

^^ting, shall, if possible, be referred to the Council, otherwise 

"^ decision of the meeting shall be taken by ballot on a motion 

0^ amendment put to the meeting. The ballot shall be taken by 

^^ Voters (being Members or Associates) writing *'for" and 

^S^iust" on a slip of paper. The slips shall be folded and 

^*^cted, and then counted in the presence of the meeting, and 

^ ^^snlt announced by the Chairman. Should fewer than 

euty votes be given, it shall be understood that the question 

^^^Ived, and the votes shall be destroyed without being opened. 

^1 — At every General Meeting of the Institution, the Secre- 

^ shall first read the minutes of the preceding meeting, which, 

approval, shall be signed by the Chairman ; business arisincr 

'^^ these minutes shall then be transacted. The Secretary 

^ ^^ any notices which may have to be brought before the 

^irig. Notices of motion may then be given, and other 

^**^e88 of the Institution may be attended to ; but when a 

*^^ is to be read, the foregoing business shall not be extended 

^^^d half-an-hour after the advertised time for commenciu": 

^ Meeting. The paper or papers for the evening shall then 

^^d and discussed. 

^•Mf within half-an-hour after the time fixed for holding 
* ^^^eral Meeting a quorum is not present, the meeting shall be 
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dissolved, and all matters which might, if a quorum had beer 
present, have been done at the meeting so dissolved, may forth 
with be done on behalf of the meeting, by the Council ; excep* 
the reading or discussion of a paper, which shall not proceed ii 
the absence of a quorum. 

28. — Any General Meeting of the Institution may be a(E 
j on rued by a vote of the Members and Associates present 
there be a quorum ; if there be not a quorum, the case shall t. 
met by the preceding paragraph. 

24. — Each member shall have the privilege of introduciir 
one friend to the General Meetings, whose name must be writto 
in the Visitors* Book, together with that of the member intr - 
ducing him ; but if the introducing member be unable to attea 
the meeting, he may send the name of the visitor to the Secin 
tary. During such portions of any of these meetings as may " 
devoted to any business connected with the management of t~- 
Institution, visitors may be requested by the Chairman to wit— 
ilraw. This shall be done if five Members or Associates, or bo* 
pi*esent request it. 

COUNCIL MEETINGS. 

25. — The Council shall meet before each Genei*al Meetings 
on other occasions when the President shall deem it necessar'j 
being summoned in either Civse by circular, stating the time * 
meetinir, and the business, so lar as is known. 

No business involving expenditure of the funds of the lusti 
tutiou i^exoopt by way of payment of current accounts) shall b* 
iransjieted at anv Council ^ItH^tiuir* unless the circular gives sis 
clear days* notitv, and states the business. 

All discussions {.4 a jK^rsonal chiiracter in the Council shall 
Ih> a>usidoi\Hl and uvate\l as l^eing strictly confidential. 

2i». — The Council may ivgulate its i.«wn procedm-e, and dele- 
gate any of its |K»wei">> and discrv^tions to any one or more of id 
nuuilvr. 

The President shalU ej:-iirHck>. be chairman of all Counci 
MiH^angs, and in his absencv one of the Past -Presidents or one 
of the ViLV-Pivsi dents shall take the chair ; or in the absence o 
these, one of tite Orvliiuuy Meuilvrs o( Council shall be electee 
to take the ehivir. Five momWrs of Coimcil, including tin 
I'hairuuuu shall torui a quorum. 

lu the ap^KHutment of Sul>-Committees, the Council shal 
determine the uuuilvr which shall form a quorum in ^K?h case 



Iv 



Sub-Oommittoes. 



and shall appoint a Chairman. These regulations shall not 
tiffect the Finance Committee. 

27. — The Council may appoint Committees either from itself, sub-comniitteeB 
or with the assistance of persons outside, for the purpose of 
transacting any special business, or of investigating speqific 
objects connected with the work and interests of the Institution. 
-8.— AH Committees or Sub-Committees shall be appointed 
^y the Council, and shall be subject to that body, and shall 
^port to it. The Council shall act upon these reports or recom- 
mendations as it may think best. The President shall, ex-officio^ 
^ a member of all Committees. 

29.^Any member may by communication addressed to the 

^^^tary petition the Council to lay before a General Meeting 

^^ the Institution the contents of any letter which shall in 

^ short, concise, and clear manner draw the attention of the 

^^^tution to public matters of importance in connection with 

^*^tion proposed by any governing body in reference to the 

^^ction of ships, machinery, or the working of the same, 

flat members may by their scientific and practical knowledge 

^^trate the soundness or otherwise of the proposed measure. 

^ ^ — The Council may invite to General Meetings or to invitation to 

00l2D_-, ir strangers. 

. ^^i 1 Meetings any person or persons whose presence and 



Communication 
to Council. 



. ^tice it may desire, and strangers so invited shall be per- 

^ to take part in the proceedings, but not to vote. 

^ — The Secretary, who shall also act as Treasurer, shall be 

n '^ted by and act under the direction and control of the 

j^. ^^il, and shall be paid such salary as the Council shall 

^^ ^^ine. He shall attend all meetings. Council and General, 

pj. ^liall take minutes of the proceedings, and enter them in 

(j^^^^P^^ books provided for the purpose. He shall write the 

Q^^ ^^^pondence of the Institution and Council, read minutes and 

Q ^^ at meetings, report discussions, and, if required by the 

p^ ^^il, prepare papers for reading and publication, and read 

^^^^t^ and communications at the meetings. He shall receive 

» Payments due to the Institution, and shall bank the cash in 

^ ^ whenever it amounts to ten pounds. The bank shall be 

^\ ^^tnined by the Council and the banking account shall be in 



Secretary and 

Treasurer's 

Duties. 



H 



^ames indicated in connection with the Finance Committee. 



. ^hall keep a cash account book, general and detail, which 
^*^ on all occasions be open to inspection by the Finance 
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Committee or by the Council. He shall keep a register of the 
names of members, so arranged as to distinguish all members 
whose subscriptions are in arrear. He shall also perform what- 
ever other duties are indicated in the Bye-Laws of the Institu- 
tion as appertaining to his department; and shall remain in 
office during the pleasure of the Council. He shall not vote on 
any resolution. 

32. — The following Sub-Committees shall be appointed 
annually at the first meeting of the Council in each Session : — 
(1) A Finance Committee, to consist of seven persons, viz. : one 
Past-President or Vice-President, who shall be Chairman ; five 
Members of Council, and the Honorary Treasurer of the Institu- 
tion ; three of whom shall form a quorum. The Treasurer shall 
be empowered to pay all amounts due from the Institution which 
are under two pounds. All amounts of two pounds and upwards 
shall be paid by checjue, signed by the Chairman of the Finance 
Committee (or in his absence, by the President or a Past- 
President), the Secretary and the Honorary Treasurer. (2) A 
Reading Committee, to consist of six members of Council. No 
member who has served on this Committee for three years in 
succession shall be eligible for re-election until after an interval 
of one year. (3) A Library Committee, in accordance with 
Library Rules, Nos. 1 and 3. (4) A Graduates' Award Com- 
mittee to consist of five members. 



Papers to be 
submitted to 
Council. 
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TRANSACTIONS. 

33. — All papers shall be forwarded to the Secretary at least 
five clear weeks before the proposed date of reading. The 
Secretary shall submit them for approval to the Council, and on 
their general approval they shall be handed to the Reading Sub- 
Committee, three of whom at least, shall read the paper through. 
The Reading Sub-Committee shall be at liberty to strike out any 
parts which, in their opinion, ought not to be read. They may 
also make any suggestions to the author as to points which 
might with advantage be inserted or altered. 

34. — The papers read, and the discussions on them, or such 
portions of them as the Council shall select, shall be printed for 
distribution among the members, each of whom shall receive a 
copy. These Transactions shall be edited by the Secretary, in 
accordance with instructions of the Council, who shall have 
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power to omib parts of discussion which may be foreign to the 
subject, or which it may be deemed undesirable to retain. Each 
paper shall bear the date on which it was read in General Meeting. 
35.— Copies of papers to be read during any Session will be 
sent seven days before the date of reading to members who shall 
have applied to the Secretary for them, in writing, at the com- 
meucement of the Session. The discussion on a paper shall not 
^ considered closed on the evening on which it is read, but 
snail be open for renewal at a subsequent meeting, prior to the 
'^ing of the paper set down for that date. 

36.— The Secretary shall send to each speaker as soon as 

P^ble after a General Meeting a copy in manuscript of the 

iter's own remarks for correction. This copy must be re- 

^'inied to the Secretary within four days. A printed proof will 

^ be sent to each speaker for further revision ; this must be re- 

^'^ed to the Secretary within three days, otherwise it will be 

deemed correct, and printed off after receiving verbal corrections. 

37.--The Council shall be at liberty to print as Transactions, 

^•fe with the papers and discussions or separately, explanatory 

5> etc., communicated after the reading or discussing of a 

^r- Such communications must be approved by the Keading 

^Bunittee, and shall bear the date on which they shall have 

^^ received by the Secretary. 

^^•--The Institution shall not be held responsible for the 
^Qieuts and opinions advanced in any of the papers which 
^y ^ read, or in the discussions which may take place at the 
^^tin^ of the Institution. 

39.^Xwenty copies of each paper and discussion shall be 

Panted to the author of the paper, for private use, and one 

Py shall be sent to each member. When a paper is prepared 

J '^wo authors, fifteen copies shall be presented to each. Dupli- 

^pies of parts of the Transactions mislaid or lost by 

^^"^^8 cannot be supplied to them, except as provided for in 

Bje-Law 42. 

^•"--The Transactions shall not be supplied free to members 
^ ^^bscriptions are more than one year in arrear. 

^•"^Any member elected at any time between the Annual 
^^1 Meetinffs shall be entitled to copies of all the Transactions 
^ during the Session to which his first subscription applies ; 
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42. — The Tninsactions of the Institution shall be the exoZ 
sive property of the Institution, and shall be published only 
the authority of the Council. Additional copies of pa{>* 
required by authors for their private use can only be procui 
from the Secretary, at prices fixed by the Council from time 
time, and tiiese copies must contain the whole of the discussi 
following the papers, and be bound in the usual cover, with t 
addition of the followins: words : — *' By permission of t 
Council," and " Excerpt Minutes of Proceedings." Dnplica 
volumes and copies of parts of the Transactions, if in print, ca 
also be obtained from the Secretary, and shall be sold only t 
him, in such nuuiner and at such prices as the Council sha 
have fixeil. 

48. — Diuring a discassion nj^ion any paper, no person sha: 
l>e at liberty to speak more than once (except by way of explana 
lion), nor for a longer peri«.Ki than ten minutes. 

ACCOUNTS, &c. 

44. — The Council shall present the yearly acconnts (up t 
the Slst of July preceding) at the Annual General Meeting i 
October of eaoli year, after they have been audited by a pr 
fessdonal Accountant, appointed by the members at the Closii 
Business Meeting in May. 

45. — The capital, sti^K^k, and funds of the Institution shj 
tH? vested ia the names of three Trustees, to be elected from tir 
to time as \*aoancies occur bv the members of the Institution 

« 

a General Meeting called for that purpose. All mortgages ai 
other sevHirities shall Iv taken in the namtrs of such Trustee 
and on any new app^nutment the funds shall vest in the newl 
app^.Huteii Trustee or Trusiees jointly with the continuing 
remaining Trustee or Trustees. 

4t>, — The Fiuan^v Committee may, with the consent of t 
CouuoiU invest in cue names of the apivinted Trustees oft 
lustitutio.u any moneys not iirimevliateiy n^t^uired for the pc 
^\»ses 01* the Institution, iu or up*.n any approved securities. 



ALTERATIONS 10 CONSTITUTION AND BYE-LAW: 

47.— Alteration iu or addi:ioa to the Constitution and B^ 
lu»\\s luay Iv lUiulv ouI\ by n.>*.lLL::ou of cue members ut i 
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Closing Business Meeting in May, after notice of the proposed 
alteration or addition has been announced at the previous 
General Meeting. 

The resolution may be modified by the Council meanwhile, 
should they so desire ; but in this case it shall be read at the 
Closing Business Meeting in May in its original form before it is 
proposed in the amended form. 

Such resolutions shall be stated in the notice calling the 
intervening Council Meeting, and also in the notice calling the 
Uosiug Business Meeting in May. 

^Qy member unable to be present at the meeting at which vote by Proxy 
such alterations are to be considered, but who is nevertheless 
^^irons of recording his opinion thereon, shall be allowed to 
Vote by proxy, such proxies shall be in Form J in the Appendix, 
^hichmay be had on appUcation to the Secretary, and may be 
^ by any member present at the meeting on behalf of the 
^^iit member, and counted by the Chairman as of equal value 
^^" votes given in the manner provided in Bye- Law 19. 



^He library and reading room rules. 



I 



p ^The Library and Reading Room shall be managed by a committee, 
p '^ittee, called the Library Committee, who shall have charge 



J ^ books, papers, specimens, etc., which may belong to the 

^O.tinn Tf. gIiqII nnneicf. nf fivp mAmV»prfl nf hlio TiiaKif nf.inn 



ofau 

rf ^tion. It shall consist of five members of the Institution, 



^m at least two shall be members of Council. 
^^The books and other property of the Library shall be Proi>erty. 
7^ in the Trustees appointed by the Institution. 

-The Library Committee shall be appointed annually, at Appointment of 

«^ •' ^^ •" Committee. 

u ^^^ meeting of the Council in each Session. No member 
^^^^ ^^8 served on the Committee for three years in succession 
K "^ eligible for re-election until after an interval of one year. 

Chairman shall be elected by the Council. 
I^w ^*^-The Secretary of the Institution shall be Librarian, and Librarian. 
j^ ^ ^Iso act as Secretary to the Library Committee. Three 
^-^^rs of the Committee shall form a quorum. 
V. "^-"— The Library Committee shall be responsible for the Duties of 

V^w_^, Committee. 

^ ^iig and purchasing of books, periodicals, papers, etc., and 

^he expending of all money voted by the Council for its 

^' It shall appoint an attendant who shall act as Assistant 
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Librarian. Tt shall make Rules for the management of the 
Library, subject to the approval of the Council, and present an 
annual report to the first meeting of the Council held afler the 
annual scrutiny of the books referred to in Rule No. 13. 

6. — Except when closed by special order of the Library Com- 
mittee, or when the Council is sitting, the Library and Reading 
Room shall be open for consulting, borrowing, or returning 
books, every week day as follows: — On Monday, Tuesday, 
Wednesday, and Friday, from 10 a.m. to 12 noon, and from 
1 to 9 p.m.; on Thursday, from 10 a.m. to 12 noon, and from 
1 to 5 p.m. ; on Saturday, from 10 a.m. to 1 p.m., and from 2*30 
to 9 p.m. The Rooms will be closed on Christmas Day and 
the day following, New Year's Day and the day following. Good 
Friday, Monday and Tuesday in Easter week and Whit week, 
and the first Monday in August (being Bank Holiday) ; also at 
noon on Tuesday, Wednesday, Thureday and Friday in the Race 
week of June, and from the second to the fourth Saturdav in 
July of each year, as mentioned in Rule No. 13. 

7. — Books shall not be lent to any persons except Members, 
Associates, or Graduates of the Institution, but a pereon entitled 
to borrow a book may send a messenger with a signed order 
for it. 

8. — Eacli member shall be entitled to introduce a friend to 
the Reading Room, whose name shall be written in the Visitors' 
Book, together with that of the member introducing him. 

9. — The books marked with an asterisk in the Catalogue 
shall be kept only for consultation in the Library, and shall non 
be lent. Pending the preparation of a Catalogue, the Librarian 
shall be instructed by the Committee as to which books shall be 
withheld from circulation. 

No periodicals, magazines, or pamphlets shall be issued for 
circulation until after they have been bound and added to the 
Lending Library. 

10. — The Librarian shall keep a register in which he him- 
self or the attendant shall enter the titles of the books lent, the 
date of lending, the name of the borrower, and the date of the 
return of the book to the Library. The borrower of the book 
or the bearer of his order shall initial the entry of such borrow- 
ing, and the Librarian or the attendant shall initial the date of 
the return of the book. 
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11.^ — No person shall borrow or have in his possession at one 2chnSin&!*° 
time more than two volumes belonging to the Library. 

12 — ^No member shall retain a book longer than fourteen Eoturn of Book* 
^T^ excluding the day of issue. He shall be responsible for 
tbe safe retarn of the book, and if it be damaged or lost he shall 
make good the cost of such*damage or loss. 

13.— All books belonging to the Library shall be called in Yeariyinspection 

/ of Books. 

lor inspection, and the lending out of books shall be suspended 
/rom the second to the fourth Saturday of July, inclusive, of each 
year, and members shall be required by notice to return all 
books in their hands before the period mentioned. 

Members failing to comply with this injunction shall pay a Fine, 
fine of two shillings and sixpence. 

J4.--Member8 are requested, when in the Reading Room 
or Library, to contribute to the general comfort by carefully 
abstaining from loud talking and noise of any kind. Smoking 
18 not permitted in the Library. 

15. — Any member being twelve months in arrears with his 
snbscriptions to the Institution shall not be at liberty to use the 
Lihrnry or Reading Room after the commencement of the first 
Session following. 



Members in 
Arrears. 



X.B. — The foregoing Rules may be amended at any time by the 
Library Committee with the sanction of the Council. 
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APPENDIX TO BYE-LAWS. 



• A Member, 
Amoci&te, or 
Graduate. 

t A Principal, 
Manager, or 
Draughtgman, 
etc. See Articles 
v., VI.. and VII. 
of Constitution. 



FORM A. (BYE-LAW 1.) 

Name (in full) 

Profession or Occupation and where Employed 
Address 

being desirous of admission into the North-East Coast Institu- 
tion of Engineers and Shipbuilders, we, the undersigned, propose 
and recommend that he shall become* 
thereof. We know him to bet 
and eligible for the proposed membership. 



J'ROM PERSONAL KNOWLEDOB. SECTION OF MEMBERSHIP. 



Proposed by. 

Supported by 

Three Members 

or Associates. 



Dated this day of 

( l^lit^n a Graduate U2)rojwged the age last birthday should he fttated.) 



FORM B. (BYE-LAW 2.) 

A. R. [Christian Name, Surname, Occupation, and Address 
in full] being at present a of the North-East Coast 

Institution of Engineers and Shipbuilders, and upwards of 
twenty-four years of ago, and being desirous of becoming a 

of the said Institute, we, the undersigned 
[Members or Associates], recommend him, from personal Jcnmc- 
ledfje, as a person eligible for the proposed Change of member- 
ship, because — 

(Here Jij)i'i'i/i/ di'Sthirtlj/ the Qitalifu'ationis of the Ciind'tdatc accord in tj 
to the sijirit of the HuJch of the Institutioji.) 

Signed 



Three 
,[Mem])ei's or 
1 Associates.] 



Dated this 



day of 



18 
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FORM C. (BYE-LAW 3.) 

BALLOTING PAPER FOR MEMBERSHIP. 

The Council having considered the recommendations foi* 
Membership of the following gentlemen, present them to be 
balloted for, viz.: — 



Hkxbeb, 

ASaMKnATE, OR 

Gbaduats. 


Occupation. 


Address. 


Nominated by. 


Supported 

BT Three 

Members or 

Associates. 


1 

1 

1 
1 











Strike out the names of such persons as you desire shall not 
be elected, and forward the list by post to the Secretary, or 
personally place it in the ballot-box at the Meeting. 



FORM D. (BYE-LAW 4.) 

Sjb, — I am directed to inform you that on the day 

of you were elected a of the North-East 

Coast Institution of Engineers and Shipbuilders, but, in con- 
formity with Bye-Law 4, your election cannot be confirmed, nor 
TOur name be added to the roll of membership, until you have 
paid your first annual subscription, the amouut of which is 
£ : : , or, at your option, the Life Con)position of 

i/ ... 

Payment may be made to the Treasurer, Mr . . 

Address . .._____. .. 

I mil, Sir, 

Yours fai til fully, 



Secretary 



Dated 



18 



y^.V*. In ca^e of 'a Graduate, strike out "<?;•, at yovr ojitiojiy the 

Life Comjjosition of £ : : " 
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FORM E. (BYE-LAW 9.) 

Sir, — I am directed by the Council of the North-East Coast 
Institution of Engineers and Shipbuilders to draw your attention 
to Bye-Law 6, and to remind you that the sum of £ 
of your annual subscriptions remains unpaid, and that you are in 
consequence in arrear of subscription. 

I am also directed to request that you will cause the same to 
be paid without further delay, otherwise the Council will be 
under the necessity of exercising their discretion as to using the 
power vested in them by the Rule above referred to. 

I am, Sir, 

Yours faithfully. 

Secretary. 



FORM F. (BYE-LAW 9.) 

Sir, — I am directed by the Council of the North-East Coast 
Institution of Engineers and Shipbuilders to inform you that in 
consequence of non-payment of your arrears of subscription, and 
in pursuance of Bye-Law 9, the Council have determined that 
unless payment of the amount (£ ) is made previous 

to the day of next, they will proceed to declare 

that you have ceased to be a member of the Institution. 

But, notwithstanding this declaration, you will remain liable 
for payment of the arrears due from you. 

I am, Sir, 

Yours faithfully. 

Secretary. 



FORM G. (BYE-LAW 10.) 

Sir, — I am directed by the Council of the Norfch-East Coast 
Institution of Engineers and Shipbuilders to inform you that 
they feel it their duty to advise you to withdraw from the 
Institution, or otherwise they will be obliged to act in accord- 
ance with Bye-Law 9 (or 10, as the case may be). 

I am, Sir, 

Yours faithfully. 

Secretary. 
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FORM H. (BYE-LAW 11.) 

BALLOTING LIST. 
Pbesident.— Onb Namb only to be returned, or the vote will be lost. 
President for the current year (eligible for re-election.)* 

New Nominations, from whom to select ONE. 



\ 



Vicb-Fbesidbnts. — Nine Nambs only to be returned (including the 
six who remain in office), or the vote will be lost. 



v^Six Vice-Presidents remaining in office, whose seat* are NOT 

vacant. 



\ Three Vice-Presidents retiring, eligible for re-election. 
^New Nominations, from whom to select THREE names. 



Tbeasubeb. — Okb Name only to be returned, or the vote will be lost. 
Treasurer for the current year, eligible for re-election. 



} 



New Nominations, from whom to select ONE. 



Okdinary Membebs op Council.— Fifteen Names only to be re- 
turned, including the ten who remain in office. 

■ \ 



Ten Ordinary Members of Council remaining in office. These 
)do not require to be voted for at this election, as their term of 



/ 



service has NOT yet expired. 



i 



Five Ordinary Members of Council retiring, and NOT eligible 

for re-election. 



New Nominations, from whom to select FIVE. 



* To be orosMd oat before issue, when the President is not eligible for re-election. 
TOL. XL-UM. ^ 



Ixvi 

N.B. — (a) The names of those who remain in office will be counted in 
the total number required without being re-written by the voter. 

(J) Any list having either hobe or LESS«than the required number of 
names voted for in any section will be disqualified for that section. 

(c) Votes as President for a person who is not elected will count for 
him as a Vice-President. 

(rf) Votes as Vice-President, or Treasurer, for persons not so elected, 
will count for them as Ordinary Members of Council, unless they have 
just completed a term of office in that capacity. 

(^) This list, duly filled in, may be returned to the Secretary by post, 
or handed to him, so as to be on the Council table before the commence- 
ment of the .scrutiny, which is appointed to take place in the Council 
Room, at 8 p.m., on 18 

(/) A copy of this list shall be posted at least Seven Days previous to 
the Annual iJleeting to every Member and Associate, who may erase any 
name or names from the list and substitute the name or names of any other 
person or persons eligible for such respective offices, but the number of 
persons on the list after such erasure or substitution must not exceed the 
number to be elected to the respective offices. 

Secretary. 



FORM J. (BYE-LAW 45.) 



North-East Coast Institution of Engineebs and 

Shipbuildebs. 



FORM OF PROXY. 
Fob Votes on Alterations to Constitution ob Bye-Laws. 



I, , being [an 

Honorary Member, Member, or Associate] of the above Institution, 

do hereby appoint Mr 

who is [an Honorary Member, Member, or Associate] .of the same 
Institution, to act as my Proxy, and record my Vote at the General 

Meeting of the Institution, to beheld on the day of 

, 18 , and at any adjournment thereof. 



Signature. 
Address . . 



, Secretary. 



NORTH-EAST COAST INSTITUTION 

OF 

ENGINEERS AND SHIPBUILDERS. 



Eleventh Session, 1894-95. 



PROCEEDINGS 



ELEVENTH ANNUAL MEETING OF THE INSTITUTION, HELD IN THE 
LECTURE HALL OP THE LITERARY AND PHILOSOPHICAL 
SOCIETY, NEWCASTLE-UPON-TYNE, ON TUESDAY EVENING, 
OCTOBER 16th, 1894. 



Ajldwbmax THOS. RICHARDSON, B.A., J.P., Pbesidbkt, in thb Chaib. 



The Secretary read the minutes of the Closing Business Meeting of 
the tenth session, held in Newcastle-upon-Tyne, on May 8th, 1894, which 
were approved by the members present, and signed by the President. 

The ballot for new members having been taken, the President ap- 
pointed Messrs. W. Boyd and G. E. Macarthy to examine the voting 
papers, and the following gentlemen were declared elected : — 

MEMBERS. 

Bredsdorff, Thomas, Shipbuilder, Messrs. Flensbnrg Shipbuilding Co., Flensburg, 
Germany. 

Camps, H. E. J., Naval Architect, 16, Bavensboume Terrace, South Shields. 

Chasten, Edwd. Catmore, Assistant Engineering Surveyor, 45, Cardigan Terrace, 
Heaton, Newcastle-on-Tyne. 

Cherry, Thos. Wm. Fry, Engineer Draughtsman, c/o Messrs. R. & W. Hawthorn, 
Leslie, & Co., St. Peter's, Newcastle-on-Tyne. 

Downing, Nicholas, Master Ironfounder, Oxford Terrace, Norton Road, Stockton- 
on-Tees. 

Greenhow, John, Assistant Shipbuilding Manager, 9, Rowell Street, Hartlepool. 

McLaren, William, Superintendent Engineer, 8, liondon Grove, Prince's Road, 
LiverpooL 

Mair, James, Wh. Sc., Mechanical Engineer, 5, Cleveland Road, North Shields. 
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PROCEEDINGS. 

Reed, Richard, Ship Draughtsman, 36, Chillingham Road, Heaton, Newcastle- 

on-Tyne. 
Trowell, Wm. John, Engineer, 37, Caroline Street, Jarrow-on-Tyne. 
Topp, Carl, Shipyard Manager, Schichan Werfl, Danzig, Germany. 
Tumbull, Charles, Jun., Electrical Engineer, Hilton Lodge, North Shields. 
Warden, Thomas M., Engineer Manager, 21, Windermere Street, Gkiteshead-on- 

Tyne. 
Weir, George Dobie, Engineer Draughtsman, Northumberland Engine Works, 

Wallsend-on-Tyne. 
Wheater, Chas. Busfield, Engineer Draughtsman, 18, Westmoreland Terrace, 

Newcastle-on-Tyne. 

MEMBERS (LATE GRADUATES). 

Adamson, Daniel, Mechanical Engineer, c/o Messrs. Joseph Adamson & Co., Hyde. 
Gaine, Roger L., Engineer Draughtsman, 62, Harrison Street, Barrow-in-Furness. 
Gibson, J. Hamilton, Engineer, 12, Bratlan Road, Birkenhead. 

ASSOCIATES. 

Lloyd, John, Cashier, Deptford Shipyard, Sunderland. 

Nixon, John, Commercial Manager, c/o Messrs. Blyth Shipbuilding Co., Blyth. 

GRADUATES. 

Adams, Dawson, Electrical Engineer, 20, Brinkburn Terrace, Westoe, South 
Shields. 

Binns, Aubry B., Apprentice Marine Engineer, 23, Thomhill Terrace, Sunderland. 

Crombie, W. Alan D., Apprentice Electrical Engineer, 13, Eldon Street, Newcastle- 
on-Tyne. 

Featherstonhaugh, Albany, Apprentice Engineer, 13, Park Place West, Sunderland. 

Hisk, Charles, Apprentice Marine Engineer, 21, Sea View Terrace, South Shields. 

Purvis, Herbert T., Draughtsman, 5, Graingerville, Newcastle-on-Tyne. 

Scott, Wm. A., Apprentice Mechanical and Electrical Engineer, 100, George 
Road, Newcastle-on-Tyne. 

Vardy, George, Apprentice Engineei , Neptune Engine Works, Walker-on Tyne. 

Wyand, Fred. W., Apprentice Electrical Engineer, 13, Eldon Street, Newcastle-on- 
Tyne. 



The Secretary read the Tenth Annual Report of the Council, which, 
together with the Financial Statement, was submitted to the meeting. 
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COUNCIL REPORT 



(Tenth Session, 1893-94.) 



^ Qe Council has pleasure in placing before the Institution the state- 

^^ of accounts for the past year, from which it will be seen that the 

^oial position of the Institution is still satisfactory, but regrets to state 

the amount of subscriptions in arrears is higher than usual. The 

^'^cil is of opinion that this is detrimental to the dignity of the 

^°«^itution. 

^he balance from the previous statement for the year ending March 

^^^> 1893, was £949 7s. lid., £388 2s. of which being donations 

^^Jrds the stipend of the Professor of Naval Architecture and Marine 

^^Sineering in the Durham College of Science. 

'X'he Council has thought fit to place the sum of £400 to deposit 

^^^^^tint on interest with the bankers, Messrs. Woods & Co., of Newcastle- 

°Pc>xx-Tyne, on behalf of the Durham College of Science. During the past 

^^^ a further sum of £394 9s. has been collected towards this fund, out 

^"bich £230 has been paid over to the College, leaving a total balance of 

io^^ lis. to be dealt with by the Council, the Institution having 

^^^ completed its guarantee to the College to pay the sum of £230 per 

^^^Un for three years. 

^l?he Council has also invested the sum of £500 belonging to the 

^^itation with the River Tyne Commissioners for a period of 16 years, 

^*Xng interest at the rate of 3| per cent, per annum. 

^t?he measured mile posts at Hartley having shown signs of decay it 

^ Necessary to repair them ; but the severe gales of November and 

^^^ary last damaged them to such an extent that it has now been found 

^^sary to renew the present posts ; and arrangements are being made 

^^placing these by a set made of iron, the cost of which, together with 

Amount already spent in repairs, £55 Is. 9d., will not be defrayed 

^f the funds of the Institution, but will be obtained from the ship- 

*^^ng and engineering firms in the district. 

Ihe tenth session was opened by a conversazione given by the 
^^^^dent, Mr. Robert Thompson, J.P., which was attended by a large 
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assemblage of members and friends. At this sociable and enjoyable 
gathering the President presented the two Institution Gold Medals for the 
ninth session to the successful candidates, viz. : — The Shipbuilding Medal 
to Mr. S. 0. Kendall, for his paper on " Strains of Tank Steamers," and 
the Engineering Medal to Mr. J. Denholm Young, for his paper " On a 
System of Mechanical Aid to the Investigation of Speed Curves." 

A communication having been received from the Marine Department 
of the Board of Trade calling attention to a resolution passed by the 
Institute of Marine Engineers in London with regard to the term of 
apprenticeship for marine engineers, and intimating they would be glad 
to receive any observations thereon. The Council deputed Mr. J. R. 
Fothergill, Vice-President, to write a paper on the subject, with a view of 
bringing the matter before the whole body of the Institution, and giving 
the members an opportunity of expressing their opinions upon the 
questions involved. This was done, two evenings were occupied in the 
discussion, and in accordance with a resolution passed at the general 
meeting, held on January 30th, 1894, a reply was drawn up by the 
Council, and forwarded to the Marine Department of the Board of Trade. 
A copy of the reply will be found on page 269, vol. X., of the 
Transactions. 

During the session the following papers were read and discussed : — 

**0n a Method of Comparing Steamship Performances and of Estimating 
Powers and Speed of Ships." By Mr. W. Hok, Member of CounciL 

" On the Dangerous Working Heat of Mild Steel, and the Effect of Annealing 
and Air Cooling." By Mr. Joseph Nodder. 

" On certain Principles of Motion as Taught by the Pendulum, and as Illus- 
trated by the Resistance of Ships and other Bodies Moving through 
Fluids," etc. By Mr. Frank Caws. 

*• Mercantile Marine Engineers." By Mr. J. R. Fothergill, Vice-President. 

'* On a New System of Construction for Large Vessels of CeUular Type." By 
Mr. William BelL 

" Oil Engines." By Mr. William Stafford. 

" Bases for Classification of Vessels Proportioned to their Strength to Resist 
Bending and Vibration." By Mr. Arthur Liddell. 

During the year the Graduates have held six general meetings, and the 
Council, while regretting having to report that the average attendance at 
these meetings has been less than that of the previous sessions, has 
pleasure in stating that the papers read were quite up to, if not superior, 
to those previously given, and it is hoped that for the future the Graduate 
Members will do their utmost to support this useful section of the 
Institution. 
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^liis section the following papers were read and discussed : — 

** Marine Boiler Desig^n." By Mr. B. L. Gaine. 
* Ship's Pumping Arrangements." By Mr. W. Oxton. 
** Notes on Ship Launching." By Mr. A. Young. 
** Pumping Machinery." By Mr. C. Bryers. 
** High Speed Engines." By Mr. A. L. Poster. 

'* Pumps, with Special Reference to those for Ships' Use." By Mr. E. T. 
White. 

^isitB were also paid to the following places of interest : — 

The Wallsend Slipway and Dry Dock. 

Puidou Dene Electric Supply Station. 

Hendon Paper Mill. 

Messrs. Hawthorn, Leslie, & Co.*s Engine Works, St. Peter's. 

Dunston Flour MiUs. 

^Fhe thanks of the Institution are due to the principals and officials of . 
^ w atove works for their kindness and courtesy shown on each occasion 
^^ards these younger members of the Institution. 

The prizes for the best papers read in this section during the ninth 
^ttaion were awarded as follows : — 

First award to Mr. John King for his paper on " Floating Caissons." 
He second award was divided between Mr. A. Young, for his paper on 
^ Modem Theory of the Rolling of Ships," and Mr. J. Brentnall 
^Qckitt, for his paper on " Continuous Current Dynamos." 

During the past year the following additions have been made to the 

®' Members, viz. : — 50 Members, 16 Associates, 1 Life Associate, and 

^^Oates ; and 16 Graduates have been raised to the rank of Members. 

f ,, ^ Institution regrets having to record the loss by death of the 

<^^Hg . — Messrs. Thos. Carter, J. Noble, Frank Pool, and Anthony 

^ Members ; and Mr. William Boyd, Jun., Graduate. 

« tas also lost from resignations and other causes 23 Members, 

^^^iates, and 12 Graduates. 

^^ total number of membera of all classes now enrolled on the books 



^ Institution is 954, as follows : — 



Honorary Members 


• • • 




• • • 


3 


Life „ 










6 


Ordinary „ 










717 


Life Associates 


• • • • • • 








2 


Associates ... 


• • • • • • 








111 


Gradnates ... 


• • • • • • 








116 




Total ... 








954 



^iiaicleiable additions have been made to the lists of books in the 
^y> and the following donations have also been received : — 
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Mr. John Duckitt 
Mr. J. M. P. Tone 



Mr. W. H. White 
Mr. Harry Gray 



Presented by 
Mr. Wm. Cooper ... Diaries of Sir Daniel Gooch^ Bart. 

From Keel to Truck. H. Paasch. 1886. 
Light, Lewis Wright, 
Spectator. Ed. H. Morley. 
Spends Diftionary of Engitieering^ 8 vols. 1874. 
. Liverpool Polytechnic Society. Sessions 28 to 36. 1865-1873. 
. Proceedings, Institution Civil Engineers. 
Pamphlets, 1837-52. 7 vols. 
Index, 1865. 

Catalogues, 1851, 1865, 1870, 1871. 
Report, 1871. 

Vols. 17, 21, 26 to 34, 50, 53, 54. 
. Naval Architecture. 

12 parts Practical Magazine (unbound). 
Engineering, vols. 25, 26, and 27 (bound) ; vols. 28, 29, 30, 
31, and 32 (unbound); July-Dec., 1879, to July-Dec., 
1885 ; 5 vols, complete except No. 713, Aug. 29, 1879. 

In response to the kind invitation received by the Council from 
Messrs. The Consett Iron Company, a visit was made to the Consett 
Iron Works on Thursday, July 19th, 1894. The members were cordially 
received and hospitably entertained, on behalf of the Company, by Mr. 
David Dale, Chairman; Mr. Thos. Bainbridge, Director; Mr. Q. 
Ainsworth, General Works Manager ; and Mr. H. Holliday, Secretary 
and Commercial Manager. 

Considerable interest has been taken by the Council in the endeavour 
to obtain for the Engineering Laboratory of the Durham College of 
Science a set of Experimental Quadruple Expansion Engines and Boiler. 

The several parts of the engines and boiler have been supplied as gifts 
by the various engineering and shipbuilding firms in the district and 
other firms ; and owing to the indefatigable endeavours of Mr. Robert 
Thompson (Past-President), Mr. John Gravell, and Professor R. L. 
Weighton (Vice-Presidents), the work is completed, and the engines are 
now erected in the College Laboratory. 



UST OF SUBSCRIPTIONS. 



LIST OP SUBSCRIPTIONS 

Received towabds the Salary of the Professor of Enqineering 
AJSTD Naval Architecture in the Durham College of Science, 
Newcastle-on-Tyne. From August, 1893, to August, 1894. 



55 



99 



99 



99 



»» 



55 



99 



Sir "William Gray, West Hartlepool 

Messrs. Wigham Richardson & Co., Walker-on-Tyne 
Palmer's Shipbuilding Co., Jarrow-on-Tyne 
John Readhead & Sons, South Shields ... 
C. S. Swan & Hunter, Wallsend-on-Tyue 
(Jeorge Clark, Limited, Sunderland 

John Dickinson, Esq., Sunderland 

Messrs. W. Doxford & Sons, Sunderland ... 

James Laing, Esq., Sunderland 

Charles Mitchell, Esq., Newcastle-on-Tyne 
Messrs. N. E. Marine Engineering Co., Wallsend-on-Tyne 
J. L. Thompson & Sons, Sunderland 
The Wallsend Slipway Co., Wallsend-on-Tyne 
The Sunderland Shipbuilding Co., Sunderland 

Arthur Coote, Esq., Newcastle-on-Tyne 

Messrs. J. Eltringham & Co., South Shields 
„ John Spencer & Sons, Newburn-on-Tyne 
„ Clarke, Chapman & Co., Gateshead (2 years' sub 

scription) 

„ W. Hepple & Co., South Shields (2 years' sub 
scription) 
John Gravell, Esq., Newcastle-on-Tyne ... 
Messrs. J. P. Rennoldson & Co., South Shields ... 

Smith's Dock Co., North Shields 

Westgarth, English, & Co., Middlesbrough 

Baird & Barnsley, North Shields 

G. E. Macarthy, Esq., Newcastle-on-Tyne 

Messrs. J. Priestman & Co., Sunderland 

G. W. Si ve Wright, Esq., Hartlepool 



>« 



•9 



99 
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s. 


d. 


30 








30 








30 








25 








25 








20 








20 








20 








20 








20 








20 








20 








20 








15 








10 








10 








10 








10 








10 








5 








5 








5 








5 
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3 
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2 
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£394 9 



8 FINANCIAL STATEMENT. 

NORTH-EAST COAST INSTITUTION OF 
STATEMENT of RECEIPTS and PAYMENTS 

'Recefpta. 

To Balance from last Account — £ s. d. £ s. d. 

At Bankers 938 15 2 

In hand ... ... ... ... ... ... ... 10 12 9 

940 7 11 

„ Subscriptions received for Session 1893-94 — 

229 Members at £2 28 £480 18 

4:28 Members ,, £1 Is 449 8 

111 Associates „ £1 Is IIR 11 

100 Graduates ^lOs. 6d 52 10 

1,099 7 



868 

„ Arrears for Sessions 1890 to 1893— 

7 Members at £2 2s £14 14 

32 Members „ £1 Is 83 12 

4 Associates „ £1 Is 4 4 

8 Graduates „ 10s. 6d 4 4 

56 14 

1,166 1 

„ Life Associate, B. Henzell 10 10 

„ Transactions sold this Session 19 16 3 



» 



Copies of Members' Papers supplied 10 18 6 



„ Tjne Improvement Commissioners — 

One Tear's Interest to 2l8t June, 1894, on £605, at 3| 
per ceub. ... «•. ... .. ... ... ... ^x xo d 

Viz. :— Medal Fund £274 

Graduates' Award and Life 
Members' Fund 331 



30 14 9 



£605 



JLJCaa I ax «•. ... ... ... ... ... i/XO X 



Half-year's Interest to 10th July. 1894, on £500, at 3| 
per cent. ... ... ... ... ... ... ... y y q 

Less—TdJi 5 10 



21 6 5 



9 18 

„ Chair of Engineering and Naval Architecture Fund — 

Donations as per list ... .*. 394 9 

„ Balance from Leeds Excursion 3 14 



£2,575 3 9 



FINANCIAL STATEMENT. 



ENGINEERS AND SHIPBUILDERS. 
FOB Session ending 81st May, 1894. 



Bj Transactionfl and Papers — 


pasmeute. 


£ s. 


d. 


£ s. 


d. 


Lithographing 


... ... ... ... 


107 6 


6 






Printing and Binding 
^ Stationery and Circulars 


... ... ••• ••. 

••• •.. ... ... 


215 2 6 
82 15 11 


322 9 





„ Reporting 


... ... ... ••• 


23 14 









„ Bents — 












Offices 


... ... ... ... 


65 4 









Lecture Booms 


... ... ... ... 


5 14 









Tdephone ... 


... ... *•• ... 


8 









„ Bates, Gas, and Insurance ... 


... .«• ... ... 


15 13 


3 






Secretary, Salary 


... ... *•• ... 


220 









Do. Commission 


■«. .*• ... ... 


58 6 


6 






Assistant Librarian 


... ... ... ... 


35 









Office Boy 


.*■ ... *•. ... 


10 









„ Postages, Stamps, Poet Cards, Parcels, etc. 


97 9 


4 






„ Secretary's Expenses and Allowances to Hall Keepers, etc. 


27 11 


7 






„ Office Expenses, Coals, Cleaning, 


ex/C. ... *•. ... 


14 9 


6 






„ Bent for Measured Mile Posts 


... ... •• . ... 


3 3 









„ Bepurs to „ ,. 


... ••* «•« ••• 


65 1 


9 






„ Expenses of Graduates' Meetings 


and Hire of Lantern ... 


1 11 


9 






„ Auditor's Fee 


• •• •■• ••• ••• 


3 3 





726 17 


7 


„ Jamas Bacon — 






Photographs of President and Past-Presidents 






21 12 


6 


„ Library Account — 












New Books 


«• • • • ■ ••• ••• 


15 5 









Bookbinding 


••• ••• ••• ••• 

Architecture Fund — 


7 6 


9 


22 10 


9 


„ Chiur of Engineering and Naval 






One Year's donation towards Salary of Professor 






230 





., Gold Medals' Fund (Two Medals 


Awarded) 


9 10 









„ Graduates' Award Fund — ^Amoun 


ts Awarded for Papers... 
osit from Chair of En- 


7 12 


6 


17 2 


6 


„ Woods & Co.— Amount on Dep 






gineering and Naval Architecture Fund 






400 





,, Tyne Improvement Commissioners. — ^Amount Lent on 










Mortgage of the Tyne Consolidated Fund for 15 years 










at 3} per cent Interest. ... 


••• ••> ••■ ••• 






500 



















••• ••• ••• ••• 




£i 


334 11 


5 




{,575 3 


9 
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PROCEEDINGS. 11 

^» P. C. Marshall moved the adoption of the Council Keport 

^^ financial Statement. He said it was not very creditable that 

merio^i^ of that Institution should be so very much in arrears with 

tneir subscriptions. It was scarcely worthy of the Institution or of the 

district. Let them hope that that would be remedied as soon as possible. 

T"® ^^port was very voluminous and complete. He would like to say 

wmething with reference to the mile posts at Whitley. They had got 

very xtmch out of repair. The Council had undertaken to get them put 

into decent repair, and put into such a condition that they could be seen 

at some distance at sea. Personally, he hoped that that would be very 

^P^ly done, because the tendency at present was to send ships on trial 

w^ud to Skelmorlie on the Clyde, and to do that was rather infra dig. to 

tne Xorth-East Coast shipbuilders and engineers. It was very gratifying 

^ Miow that that Institution was being made the means of carrying out 

^ a valuable adjunct to their work. He had great pleasure in mov- 

"% the adoption of the report. 

Mr. Robert Thompson seconded. He said he had great pleasure in 
Elding the motion for the adoption of the Council report. It was a 
^^^ report of the year's work. It indicated what they had done, and the 
changes that took place in institutions of that kind. They had to 
^^plore the loss of some of their members by death ; they were liable to 
^^ changes, but on the other hand they had an increased total member- 
^P due to the growing influence of the Institution. 

The motion was put by the President and carried. 

^e President, on rising, said before he proceeded to read his 

address, he should just like to take that opportunity of again thanking 

the members of the Institution for the very great honour they had 

conferred upon him in electing him their President. He could assure 

th€m all that he should very heartily devote himself to the best interests 

of the Institution, and he thought when he remembered the work that had 

been done by those who occupied the position he now occupied, backed up 

bj a very able Council — a Council which he had already had the honour 

to preside over — that he could with every confidence occupy that position, 

loT he felt that the work that had been done before would considerably 

lighten the task which devolved upon his shoulders. He should like to 

congratulate them all on the steady progress which that Institution made 

from session to session. He thought when they looked back on the work 

done last session that they had every reason to look forward to the future 
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with confidence. He was very pleased that Mr. Marshall had referred to 
the measured mile posts, and what had been done in regard to them by 
that Institution. They had several times, as it were, stepped out of their 
province to do work, and they had not only done it well, but the work it- 
self was work they would have had great diflSculty in getting done at all. 
These measured mile posts came under that head. There was also, he 
thought, the money that they had guaranteed to the chair of professor- 
ship at the Durham College of Science, also the engines handed over to the 
college by his predecessor, Mr. Robert Thompson, who had worked so 
hard and so successfully in the interests of the Institution during his term 
of office. He thought they would agree with him that these things had 
been satisfactorily carried through, and reflected great credit to all 
concerned. 

The Pbbsidbnt then delivered his Inaugural Address : — 
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PRESIDENT'S INAUGURAL ADDRESS. 



By Alderman THOS. RICHARDSON, Esq., B.A., J.P. 



[Dbliyebbd in NewCabtle-upon-Tynb, on October 16th, 1894.] 

Closely associated as I have been all my life with an engineering 
^orka started more than half a century ago, and increasing in size with 
^ growth of the trade of the district until it has become one of the 
^^^ marioe engine works on the North-East coast, I have had by 
^^tion and experience continually before me the difficulty of always 
teping up to date with machinery and meeting the demands of labour, 
^^ gi%at as this task often has been in the past, I can recall no time so 
^^nraging and difficult as the present. We have had to contend with 
^ trade, with disputes between capital and labour, but I remember no 
P^od when we have had pressure from both troubles to contend with at 
the 8ame time, making the successful carrying on of industrial concerns 
an impossibihty. 

Those of you who are directly associated with the engineering and 

fihipbuilding industries will readily appreciate that the subject of 

economical production is one to which more than usual prominence has 

latelj been given by the recent almost complete stoppage of work on 

this coast, by one of those disastrous disputes between capital and labour 

which are now so frequent. It is not my province, as President of an 

Institution such as ours, to dilate on the inevitable result of such disputes, 

but rather to seek for a counteracting element in order to do our part in 

postponing the day when the industries with which we are connected will, 

instead of being in the proud position they were a few years ago, be 

crashed into comparative insignificance, if an end is not put to these 

suicidal conflicts. 

Another factor which is year by year becoming more prominent is the 
competition of foreign countries, and the unfortunate doctrine which is 
so ofv&n sensationally made use of as to our superior capacity as handi- 
craftsmen is by no means so true now as formerly. The extended and 
nniversal adoption of machinery has been the chief cause of this levelling 
np and particularly is this the case in the engineering industry where the 
scope for the application of machinery is practically unlimited. 
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It is nofc enough, however, to apply machinery, but to develop it, as 
the one remedy for survival is continuous evolution ; although the 
unconscious fascination which is often associated with old tools and old 
methods often renders the evolution dangerously intermittent. It is 
apparently this fascination, combined with an unselfish desire to satisfy 
the cravings of the shipowner for propelling machinery requiring the 
least possible consumption of coal, which is responsible for the fact that 
whilst we build engines and boilers consuming 1^ lbs. of coal per I.H.P. 
per hour, we drive the machinery in our workshops at an expenditure of 
fuel four to six times greater in amount. This is, of course, attributable 
to the use of a number of high-pressure non-condensing engines distri- 
buted over a large area, and supplied with steam through long lengths of 
piping from a central group of boilers- Here, then, is a field in which 
economies are to be obtained, and one of the best solutions appears to 
be the application of electrical driving. 

In the able address of Prof. Kennedy before the Institution of Mechani- 
cal Engineers this subject was very fully dealt with, and at the late 
meeting of the Iron and Steel Institute at Brussels a very interesting 
and instructive paper was given by Mr. Selby Bigge, which conclusively 
showed the importance and possibilities of the system. At the risk of 
rendering this address narrow, and more in the form of a paper, rather 
than general, I propose to give some illustrations of the application of 
electrical driving, both in this country and abroad, hoping that a resume 
of what has actually been accomplished may promote a discussion which 
will help to ventilate the question and be fruitful in beneficial results. 
With the late disastrous record of the shipbuilding and engineering 
industries, as an example, it is highly improbable that any capitalist will 
start a new shipyard or engine works amongst us, so that we may be suflS- 
ciently selfish to consider the application of electrical driving to existing^ 
works only. The first question to consider, therefore, is that having boiler^3 
grouped in one place from which steam is led to engines distributed over ^ 
large area, what economy can be expected from substituting for those enginet^ 
electric motors supplied with power from a central station, and will t\LMZ- 
results justify the expenditure ? We are all thoroughly aware that coi 
densation does occur in steam pipes, and that the present engines 
uneconomical, but a broad view is generally taken of the matter, an: 



little has been done to ascertain what the results really are. It is for t! 
reason that the experiments and developments made by Mr. Panton 
Messrs. Dorman, Long, & Co., of Middlesbrough, in conjunction with ]\d^ 
Selby Bigge, are of the greatest value, and particularly so as they ha^Ti 
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xesoxwX ijj complete success. The original steam driven machinery oom- 

pnaett Punching, shearing and bending machines, cold saws, etc., all of 

^hica\v^i^ distributed over a large area and driven by six engines capable 

ot ^i^iicating the following powers, viz. :— 27, 14, 14, 14, 16, and 9. 

Engines were disconnected and replaced by motors of 10^, 3J, 6, 

**2' ^» and 8^ horse-power respectively, the driving gear consisting of a 

^ ^^m the motor direct to the fly-wheel of the machine. The most 

^^ iceable case is that illustrated by Plate I., where a large bending 

^*^iiie formerly driven by an engine having a cylinder 10 inches 

^**^r with a stroke of 12 inches is now efficiently worked by a 3 J 

^^-power electric motor. The current for these motors is generated 

^ ^ 50 horse-power Pieper dynamo driven by an ordinary horizontal 

^^€, the steam being obtained from two Lancashire boilers which were 

/^^y in use in connection with the steam driving of another portion of 

^orks. Formerly the six engines in question were supplied with 

^^^ by two boilers, which are now dismantled, with the result of a net 

T^^ of 30 tons of coal per week and the entire labour in connection 

^ stoking and upkeep. (See also Plate II.) 

Another striking advantage is that the speed of the motors, being 



^ ^otically constant under all loads within their capacity, the machines 
1^ ^^n by them are always running at the desired speed, and are therefore 

^^^ S^ f , • « i« ■! 11 •^ t • tt 1 •■- 



^.^ ^ condition for producing the greatest possible amount of work. In 
^^wing this plant we have the advantage of ascertaining the approxi- 




j7^*^ loss resulting from condensation in a long range of steam pipes, and 

^^■^^r^ ^^ ^« j» 111*1 • 1 i*i* iijt ■• 



^ Mrorking of small high-pressure engines under conditions usually found 
^^n works and shipyards. It will be apparent, however, that the 
^ ^^tation of power at one centre admits of an economy beyond this, 



y the use of a modem high-pressure triple-expansion condensing 

^xie, with a consumption of 12 to 14 lbs. of steam per I.H.P. per hour, 

^^^^•^swi of a consumption of from 40 to 60 lbs., as frequently is the case 

,^ X^i^eaent. It is evident that the loss in such a case as that of Messrs. 

^^^■^tnan, Long, & Co. may be termed a maximum, on account of the 

T^^^hines working in the open air, and the steam pipes led underground, 

^^^ the results from ordinary cases of shop machinery are often sufficiently 

^■^^ling to warrant more attention being given to them than they usually 

^^ve. For purposes of comparison we will consider the results obtained 

^m two works of about equal driving power, one having an electric 

^^Dation and the other steam. 

^^ of the most complete installations of electrical driving in the 
^^ as applied to large industrial establishments is that of the National 
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Arms Factory at Li^ge, Belgium. These works were built in the i 
1889, and are of very large extent, employing 2,000 hands, the d 
output of finished rifles being 250. Some idea of the system adop 
and the value of machinery for economical and rapid production, i 
be formed when it is considered that there are about 68 parts i 
complete rifle and bayonet, involving in their production about 
operations ; yet so great has been the development of machine tools u 
in this manufacture that, of the 750 total operations, only 6 per cent, 
performed by hand labour. Another feature is that a large percentage 
the machines are automatic, and advantage is taken of this by plac 
several in the charge of one operative. (See Plates III., IV., and V. 

The whole of the machinery is driven by electric motors receiv 
their current from one central dynamo coupled direct to a Co] 
condensing compound engine having two cylinders and indicating 
horse-power at 70 revolutions per minute, with a boiler pressure of 90 

The auxiliary feed and condensing water is supplied by a pump dri 
by a 10 horse- power motor, receiving its current from the main general 
dynamo, and placed on the canal bank 2,840 feet distant and 117 
below the level of the engine. 

The water after being used in the condenser is discharged into a t 
placed 40 feet high, from which it passes through finely perforated p 
in the form of spray into an open reservoir on the ground level, and 
this means is reduced in temperature so as to be again available 
condensing purposes. 

The generating dynamo is placed between the high-pressure and 1 
pressure engines, and the armature being on the main shaft, acts ai 
fly-wheel. The armature which is 16 feet in diameter was constructed 
place. The electro magnets are twenty in number, and there are fo 
pairs of brushes, twenty on each side. The capacity of the dynamo 
8,000 amperes at 126 volts and the makers guaranteed an efficiency 
90 per cent. 

The current from this powerful generator is distributed to about 
motors ranging from 3 to 50 horse-power, placed in different sections 
the works. 

The machines used in the manufacture of rifles are necessarily of lij 
design, consequently the motors are arranged to drive line shafting or 
and although the total length of main shafting exceeds 4,000 feet and 
total lengtli of belting is about 1 1 miles, there are no indirect main dri^ 
a motor driving one line of shafting only, the object in view alw 
being the reduction of loss by friction. 
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^■^ motor is provided with an ammeter, and as those in charge 

}ssm ttx^ amount of power required to drive the machines when being 

^oAed fco their desired capacity, any increase of that power at once 

mdicjtes that there is a waste in friction, whilst any decrease indicates 

l\ial Ike machines are not doing sufficient work ; and when it is remem- 

kiedtikiat the revolutions of the motor are practically constant under all 

loads within their capacity, it is impossible to imagine an arrangement 

wlncli 80 exactly fulfils the requirements of maximum economical 

production. 

Compare this with the wasteful arrangements so conmion in shipyards 
and engine works, where engines, often already fully loaded, have to drive 
sffl another new tool, and the "make-the-best-of-it" policy of giving 
j^ a little later cut-off is adopted. The result generally is that the mean 
Involutions of the main shaft are not only decreased by any variation in 
^^ but are, in addition, highly sensitive to the variations of steam 
PnsBure. This is, however, a digression, and referring again to the Li6ge 
factory, there is also a 300 horse-power Willans engine, coupled direct 
to a dynamo, which generates the current necessary for recent extensions. 
It has been found by careful experiment that the consumption of 
^^ in the Corliss engine is about 14 lbs. per I.H.P. per hour, whilst 
tteloaBes are 10 per cent, in engine friction, 10 per cent, in the dynamo, 
^ P^oent. in the conductors, and 15 per cent, in motors, or a total efficiency 
®^ 67 per cent, at the motor driving pulleys of the indicated power of the 
generating engine. The whole of the electric installation was made and 
fitted by the International Electrical Company of Li^ge from the designs 
^ under the direct superintendence of Mr. H. Pieper, the managing 
^^^r and electrician in chief of the company, and we have an ample 
^'^ony of the efficiency of the entire plant in the fact that, although 
^ worb have been running over three years and a half, there has not 
"een one single stoppage of the main dynamo during working hours, and 
^0 accidents of any kind whatever. 

Particulars such as these are always of general interest, but any 
'^eal change made in existing works involves a very considerable 
®^lay, and extreme care is necessary to be certain that such a change 
^^d be commercially successfdl. It is therefore essential in the first 
^^ce to ascertain what are the conditions existing at present ; so we 
^ as an example an average old-established marine engine works, 
^' '^Mch there are many in this district, the majority of them having 
^ ^ded to year by year to meet the demands of trade, and where 
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extensions have generally been the result of a compromise between what 

was desired and what existing conditions would allow. 

The works in question are steam driven, the boilers being arranged 

in one group, and supply steam at 60 lbs. pressure to 31 engines 

different parts of the works. Eight of these are used for driving th 

machinery in the various sections of the works, and 23 are auxiliaries i 

connection with cranes, hydraulic pumps, and the like. The drivin 

engines are of various powers and of designs which may be taken 

representing a fair average of those used for the same purpose in similar. 

works. 

Table I. 



Engine. 


I H P 


Length 
of Steam 

npe 
In SW. 


Water 


Weight of Steam. 




Oalcolated from 
Diagram. 


90*/.for Cylinder 
Oondenaation. 


Lb». per 
LHP. per 

Hour, 
including 

Water 
Trapped. 


LoMled. 


Light. 


Lba.per 
Hour. 


Lbe.per 
LH.Fr 

MOQX. 


Lba.per 
Hour. 


Lb8.pfBr 
Moax. 


No.l 
,» 4 

., ft 


48 
93-9 
44 
28-9 
562 
75*7 
9-3 
16-6 


17-2 
23-4 
20*2 
15 
20 
22*8 
6-5 
7-8 


680 
695 
833 
969 
511 
971 
1,210 
1,068 


270 
260 
190 
130 
110 

27 
125 

75 


2,227 
2,502 
2,365 
1,562 
1,890 
2,580 
445 
700 


46-2 

26*6 

53-7 

54 

33-6 

341 

46*4 

46 


2,672 
3,002 
2,838 
1,874 
2,268 
3,096 
534 
840 


65-6 
31-9 
64-5 
64-9 
40-4 
40-9 
55*6 
53-8 


61 

34-7* 

68-9 

69-3 

42-2 

41*4t 

68*8 

58-5 



* I.RP. wiUi the drnamoa not at worit - 38'& 
t Tlie uaall anount of water tranpod here it due to the tn^t being plaoed veiy near to that of 

No 9 Engine. 

No. 1 is a l)6am engine fifty years old, and is used for driving about 
M) lathes, }^aning« slotting, and drilling machines of various sizes. With 
an avonv^^ daily working lojid the I.H.P. is 48, whilst running the 
Hliafting onh\ mu) with the machines all standing it is 17. Steam is 
HuppliiHl thn)iigh G80 flx't of piping, and the water discharged from an 
autA>iuatio ^<>iim trap dose to the engine stop-v%lve amounts to 270 lbs. 
)vr liour. The wi'ight of stoam used by the engine and as measured from 
the dij^jnuus at the a\*enw!je daily load, vii^ 48, is 2^27 lbs. per hour, to 
whioh sliouKl U^ adde^l 2i> per cent^ for mcHsture in suspension, thus 
u\aki\\^ a tot^U, including tbe water condensed in the steam pipe, of 
(U Uvi^ |vr IJU\ ixT hour. Xo. 2 ejigine is a modem two-cylinder 
h\\riit\M)tAl, with \*>MriaWo ex|>an&ion gv^ vrorted by the governor. The 
n\av^\iiu^ driwu vwiviast of tw\> dynamos for works lighting, as well as a 
lar)?x^ uwnxlvr of a\vT^> si»xi ux^ 

U will U' ;KX'U ftx^u tin' t^bK> thai the aveinge working load when 
dnvi^vj: the ilynaxx^vi i;ii 5^i^*;^ h\>r«<^|vwvr, but drivii^ doling the day the 
a\\\>^v h\M^^\x>\>x r i^ r^xluxwi to i^ ;^ 
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' 3 aoid 4 are single cylinder inverted engines and afford a good 
example of the wasteful effects of overloading. 

^^' S and 6 are old-fashioned horizontal engines, in which the 
governor ^orks an ordinary throttle valve, and both have been in use for 
about thirty years. 

^08. 7 ^jj^ g ^g small inverted cylinder vertical engines running at 
150 revolutions. 

^ Wasteful effect of this system of driving is shown by the con- 

RQmptioti ^f gt^ani, which averages 50*9 lbs. per I.H.P. per hour, and to 

ftiB naa to be added the condensation in the steam pipes, which is 7 per 

ceiit., brixiging the total up to about 55 lbs. per I.H.P. per hour, and 

even ttus is by no means exaggerated, as it is probable that the con- 

ensatioix in the pipes exceeds that indicated by the traps. 

^ ^^mparing the two systems at this stage, and allowing 10 per cent. 

^ii&xtie friction in each case, and a total electric loss of 27 per cent. 

y^^^jno conductors and motors, we require 45 lbs. of steam per 

. ^^ horse-power at the main driving pulley of the steam installation 

^^^ ^bout 20 lbs. for the electric. 

^i^ng the total at 500 effective horse-power (which allows 125 

"8^ ^Q,. ^jjg 23 auxiliaries) in each case, and an evaporation of 8 lbs. 

^^ per lb. of coal, the consumption of coal would be 36 tons per 

. ^ ^ the steam and about 13 tons for the electric. In the steam 

^^ion under consideration the water is obtained from the water 

^^:)ain at considerable cost, whereas under similar conditions with a 

^° ^^^^ing engine the cost would be much less. 

Mother feature of value is the reduction of labour, which for stoking 

^^^^ ^ould be about one-half, whilst still further reduction could be 

™^^ iti the engine driving and greasing staff, as whilst steam engines 

^^^^^ constant attention, the motors can be practically left to them- 

aelvea except for starting and stopping, as should anything go wrong with 

*^J °^otor it would be immediately detected in the central station engine 

worn by the indicator corresponding to the particular motor at fault. It 

^1 oe evident that we have dealt with the greatest som'ce of economy 

by the concentration in one highly efficient plant for the generation of 

power for the whole of the main driving of the machinery of the works. 

It will be interesting, however, to consider the relation between the power 

at the main driving pulleys and that absorbed by the machinery in doing 

actoalwork. Referring again to the driving engines 1 to 8 (Table II.) it 

wiU be seen that the loss in driving the shafting, belts, pulleys, etc., range 

from 25 per cent, to 70 per cent., or an average for the six engines of 43 
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EudiH. 








LHP. 


■S!" 


°u.e«,i°' 


PnUsn. 


In Feet. 


iMded. 


LUht. 




370 


153 




46 


17-2 


3e-s 




TS2 


iia 


2,263 


93-9 


23-4 






Slfi 


283 


8,582 




20-2 


46-2 




6T1 


336 


4,881 


28-8 


16 


52 




UUl 


79 


1.401 


66-2 


20 


3B-6 




381 


22 


464 


7S-7 


22-8 


SO 




117 


is 


1,210 


9-3 


6-fi 


699 


„ 8 


242 


70 


1,429 


16-6 


7-8 


60 



\KT cent. These experimeate have been confirmed by some made by Mr. 
WuHtgarth and referred to by him at a meeting of the Cleveland Institn- 
tion of Engineers. Mr. West^arth found that in an engine and boiler 
works ho experimented on that of the total power developed by the steam 
onKiric 69 per oent. was absorbed by the shafting and gearing, and in one 
of tlio workshops where two long lines of shafting were need for driving 
a comparatively small number of machines the power abeorbed was 75*6 
)ior cent, of the total. In another workshop where the shafting was well 
liud and rope gearii^ used for the main drives the peroentage was i2. 
The average of the whole experiments is therefore about 50 per cent., 
conamjuently it appears that half the mean power would be saved if all 
tht> niHohiues eonld be driven by independent motors instead of by line 
olmftinj;. This in an exi^ii^ engine works is, of course, impoeaible, but 
tlu-rv nr»' many iustauces where long drives may be divided with great 
mlviuitfli^'. whilst the iiuli'iieudont driving of large tools would be another 
very diwirabk' fostun', 

.\n osanipK' of what may lie termed ideal electrical driving is that of 
tlu' ll«K»u Win.' tVuinMny of Hiddlesbrangb, where the installation is 
tlio iitiist ix'rftvi ami t\tmp)cto that has as yet be^i attempted in this 
rtiiml ry, Kwry [wx»ss w«n<.x'i«i with ibe uianufacuire of wire is carried 
nut by Uh>»n!> of di^-irioity, ilh> wii¥ drawiiur. galvanizing, spinning, and 
iKtrb fonoini; tn.t>'hini'«. owrbiMd aix] loMmoti^'v <7ane& hydraulic pomps, 
ill^llll>^l ilraujrlu fs«*> lailkUs ivumfuap*! l«mp, are all iodepeDdently driven 
b\ olivlno miilor^, Owiuir ui Uk> oniin- aWatv of shifting and belting 
ill-' iM«smi>-(i.Mi iif lUf KiiKiiUiT is wry iii:bi, and ibe oonrenience of the 
wlnU- \\)m\\ is m.vii uvXirWibV- The i"an\?ni is ireoerued by a 600 horse- 
H.*\«vr d\ ua>H.> -inwu diiwi by » ihr^y i-nmk triple coodensiDg-engine witJi 
KmIovs .\f 100 U\A. iw>i!*»ii\\ vS>- raid- Vl.\ A special nmnel. S50 yards 
in li'»vi;(h. b** Nvu i\*iv«ir.hin\l ftir ihe vvnwysmoe of the condactors, and 
hTOU.'btw «iv uVou fiv^iu il;!"*' u> ibt .V* nx«\irs wiikh \«iy fnun & to 40 
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VoTS^^'^^r each. The lighting of the works is most complete, the 

^K»^^ ^^rt being carried out on the inverted arc principle, which is so 

^tieft\« that there is an entire absence of shadows. The original plans 

toT anv\xig these works electrically were prepared by Mr. Selby Bigge, 

TOO appears to have given considerable attention to the question of 

electnc driving. Before definitely deciding to put down such a novel 

P»*Dt Several experiments were necessary, for which purpose special 

"^tiines were designed by Mr. Bedson, the managing director of the 

^^^ Wire Company. These experiments were made at Li6ge by 

^' S- Pieper, and were so successful that after an exhaustive series of 

^ ^te directors of the company decided to adopt the electrical installa- 

^^« in its entirety. 

^ novel feature in connection with the boilers at Messrs. Bedson's 

vorig ig the application of Messrs. Ellis & Eaves's well-known system of 

Canoed draught, (see Plate VII.) This is the second application of 

'^^ Astern to land boilers, the first having been made at the Atlas Works, 

"ueffield^ originally served by Lancashire boilers. These have gradually 

^ ^placed by ten single-ended boilers of the marine type, the advan- 

^ claimed being as follows : — 

^* Considerable economy compared with the Lancashire boilers with 

Galloway tubes. 
2- C3on8iderable reduction in space occupied. 
^' -Absence of smoke. 
^' Greater elasticity of power. 

^^ ordinary work, by maintaining a vacuum of 3 inches at the fan, 

the coxnbastion is at the rate of about 35 lbs. per square foot of grate 

garfacse, and one single-ended boiler can readily evaporate as much steam 

ag tbree Lancashire boilers 27 feet by 7 feet, with ordinary chimney 

dratig^t. Where the demand for steam varies in a works, the system is 

a gf^t convenience, and this is especially the case for electric light 

iustauations. It is evident that with this system of draught, or with any 

otbct eflBcient system, the assumed consumption of 13 tons per day could 

be ft^iU further reduced. 

*^ni the comparison which I have made, we may fairly conclude that 
the saving gained by the substitution of electrical driving in an old- 
estaDlished works would be considerable. Whether this saving would 
justify the outlay in all cases would have to be settled by those who have 
tb^if capital invested in works suitable for its adoption. I may say, 
jjo^ever, with reference to the firpQ of which I am a member, that for 
500^6 time we have had the matter under consideration, and the various 
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inveHtigfitionfi and experiments made by Mr. D. B. Morison (some of 
which arc enamerated in this address) have so convinced ns of the com- 
morcnal possibih'ties of the system that we have now on order a small 
plant prior to further developments hereafter. 

I have endeavoured to confine myself in my remarks to a plain state- 
ment of what has been accomplished by making use of electrical power to 
drive machinery and have not gone into any of the possibilities the future 
may reveal. 

Wo have known, however, the science of engineering to advance at 
tImoH as it wore by leaps and bounds, and from the rapid strides that this 
Doini^vrntivoly now energy has made within the last few years, we may 
have roasonablo expectation of still further development in this direction. 

In tho address which I have given to you this evening, I feel that I 
have but inadequately fulfilled the task imposed when you conferred upon 
mo tho honour of electing me President of this valuable and widely known 
Inntitution, but hope that my remarks will be productive of help in the 
work Iwforo us. That the suggestion of the possibility of further expen- 
dituix) of mpitiil is unfmlatable to many members of this Institution, I can 
NNn^ll Ih^Hovis «Oixing what dark clouds are hanging over us, but let us hope 
UmU a« in j^ast times, the clouds will prove to have a silver lining and^ 
nhoiily di«)K>r»i\ giving })lace to pleasant sunshine in the shape o9 
\vno\vtHl iH>iunK>n?ial prosperity of which both capital and labour willT 
rixvivi* thoir ju$t and fair prnportion. 



Mr» WuaaAM Born i^l^-Prosidcut) roee to propose a vote 
(Imukt^ Ho ^aid it hiul Ixvn on^JtomarT on such occasioDS to propose 
\»t^^ \\( \\\mk^ to tho IVts^ivUnu fiwr the adilx^dss he had ddivered at 
v^jvni^Vjf of th<* 5iic«^i\>u» Th«v hsni been five sach addresses ddivere^ 
to tho lu$tJitutA\M\« a\kI he wntuivxi u> think thai none of the seri^ 
>\\>\\K\ Jv'^w w\\vre intwvtj^ to the n^«nh«r? im- be nwre Tmlaahle thsui 
the o^^ thev h^l ix)^ li^^^^'ncvi uv It was a enat *draitta^ wheni 
<^ \^>v^ixie>^t As^M 5i4r»ke ^>!i5t a V,T>e <^ his own, aiid esfedttvoor to kare 
h^* ^^>A\1 >v^x tW Ar,nA)$ *y^i :>^^v^^ o^ liht lasiiisaian- He oookl not 
hol\N f'^NNii^^ )v^,^>naii'>v \v!r> ir^w^ ;tit«^W!1 in tiie «}iii^«s tittt had l»en 
>W5i\N^^A\i tJvji^ Y^VCi^tN Nvxw(»»>r :i %vv^«wi oin ibc lii>» which be Ttoiured 
<o )\\ t^ot^^^ >mvn>*" x^«4r$ ^"^ *^ tJ^ij^f .r. wiiki i^uis Issdinxkiii could 
^N^NNh<>A\> f\\)t^>fc^ W ^>«t7)4 w>ww Tfik'W t^ iommitc 115* ia the words 
'^ iNV»,NY»\N tsf xvrsv^N^^Y)." Thw ^mwuit 41 4r:«fi a«u » aasj of those 
v'N^.^<^^rt>.'>r. x^K*^ >^^^^^ .r:f>^:*<"^<\x .T. i-hf :7^4iJSKnj^ ctCirrraes in this 
^v^H ^^i \h^ ^vv'Vk At><v, -f h^ TJ.K•^»i )v ^]kv^ 4vr ^t i^^. was Ji sa:b>ew 
nnJ<n>). )>jf.> )>,'«> .\;;x Avvwvv; 4.hi*4 ijinviu-vfo: dJir.iK libt iasx "usi ym^ 
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from tti^ members of that Institution which might have been given to it. 
He waB qijji^g aware that papers on the stability of ships, of which he 
Knew nothing at all, were the means of producing very interesting dis- 
cubsiohs^ but as the large majority of the members, putting aside a very 
™^ iliinority, were all interested and were engaged and occupied in 
dinerent industrial establishments, the economical working of these estab- 
ii~"iienfcg was of the greatest interest to all of them. He would again 
venture to suggest that the impetus which had been given by the address 
01 Mr. Bichardson might be very profitably pursued by the members, and 
PMtictUarly the younger members of the Institution. Investigations might 
"6 carried on with success by men who were actually engaged in the works 
^SQiaelves, whether shipyards or engineering works, and it did not neces- 
^y require a very high scientific or mathematical knowledge, but mainly 
. ^^h\ observation and a noting of the results that occurred under vary- 
^ ^nditions. He thought more economy might be achieved and great 
^^ntage derived to all of them interested in the shipbuilding and 
.^Siiieering trades of this district if such investigations were pursued. 
,^^ address read that night would, he hoped, be productive of a discus- 
^^ on some of its details. He did not propose to detain them by 
^rkson that point, but he was quite sure they would join him in 
^tJdng the President for his address. Before he sat down, and by way 
giving a start to the technical discussion which was to follow, he 
^^d like to ask this question — the address had given the record of 
|. ^ power of the engines when driving the machinery and gearing 
^ht and loaded, and a considerable saving was claimed for the elec- 
^^lly driven system on the ground that 50 per cent, of loss might be 
^"^^d. It appeared to him that that was rather sanguine. A consider- 
^^* portion of the loaded running power would be the gearing of the 
^^Mnes themselves. With the electric engine driving a heavy lathe 
^^ gearing would still be employed as at present. That was a point 
^ch amongst others would, no doubt, be alluded to in the discussion. 
^^^ was another point in the paper, and that was the question of the 
^densing engines. There was no doubt that high-pressure engines 
^^Uating into the air was a most wasteful arrangement, but there was 
^ great difficulty in applying a condensing system unless they had a 
^y suitable and handy supply of water at a cheap cost. It was very 
^^cult to apply condensing engines to ordinary shop driving purposes, 
^^"> therefore, the triple-expansion condensing engine which Mr. Richard- 
son had taken as a basis presupposed a condition which was not always 
ea^of accomplishment. Before sitting down he would like to remind 
some of the members present that it was within ten years of that day 
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ttmt the first meeting of the Institntion was held in that room, and he 
only hoped it would have many more prosperous decades before it. 

Mr. Robert Thompson (Past-President), Sunderland, seconded. He 
Haid he was sure they had listened with very great interest to the opening 
address of the President. As Mr. Boyd had pointed out to them there 
were two or three features about it that were specially interesting. With 
resixjct to the remarks of Mr. Boyd as to that Institution being ten years 
old, tho«e of them who remembered the Presidential address given by Mr. 
lioyd would probably remember the various points sketched out in that 
fiddress, and their President's address that night was a complete fulfil- 
ment of the plan sketched out by Mr. Boyd in his address so far as 
practical shipbuilding and engineering were concerned. At the present 
time his firm were just contemplating a step in the direction of the 
President's suggestions. There was nothing so attractive in science as 
(5le(;trical engineering, and he had no doubt the result of the address 
that night would lead to the further investigation and development of 
elu(!tri(iity. They as shipbuilders, as well as engineers, would be benefited 
by it. If they had no trade, then science would be no use, but it was 
owing to the hcl[) that science gave that they were enabled in those times 
to nmke buHiness successful. The President's address that night would 
uMHiHt them to maintain profitable undertakings being carried on on the 
North- Kast Coast. He was not afraid of the future. He was quite sure 
their Primident would have reason to remember his speech that night 
IVoni the nmultH which would accrue from it. It refiected great credit 
on (hn original promoters of that Institution that they should have as 
PrnHidiwil. ultornativoly a shipbuilder and engineer. They had always 
hud u eltango. It was a feature of the times, and it was fortunate that 
thn InMtitution luul as President an engineer at the present time when 
NO many i^nginooring matters weiv ripe for discussion. He had great 
ploiMtiin^ in NiHutnding the vote of thanks. 

Tho PuiCHiDKNT hoiv Sivid that he would leave to the meeting to decide 
whothrr i\\v i^vpor Khould U^ disousseil or not. What he would suggest 
wim, (hut tho voto of thanks on his addn^ss should be passed, and then 
llu»V \\\\\ji\\i ojHMi tho disoussion on the j^ptT, which might be adjourned 
III tl»olr \\[^\\ \\\KVl\\\^ at Wi^t llartle[XH)l. He saw many gentlemen 
|»riw»n( who nu>j:l\t add to tho faoi^jj and corroborate some of the remarks 
hi' \m\ nwuh\ 

Mr. \V. IU>>n i^rast-IVsidont'^ hxuiug put the motion to the meeting 
il NNuw oumovl h\ tuvhunation, and ii \^^.k^ then agreed to open a discussion 
upon {\w uvhlh^*». 
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DISCUSSION. 

Mr ti 

' ". C. Marshall said he thought it would be a pity to allow 
^^ting to separate without, to some extent, discussing the subjects 
^dent had suggested in his paper. It seemed to him that there 
^ several gentlemen there who might not possibly be at Hartlepool, 
^t would be well if they could pursue the discussion to the limits of 
Ziffle allowed. He thanked the President very heartily for the 
^ suggestive paper which he had read that evening. Their friend 
^* Bojd had said that presidential addresses were of three kinds — the 
^^lical, the practical, and the suggestive. They had had a very sugges- 
"^^ address from the President, and they were very much obliged to him 
*®^ it. There was nothing that should stimulate the younger members of 
^ Institution more than such an address, they had in it sufficient 
P^<5tical suggestions to induce them to investigate for themselves. As 
^- Boyd had said that did not require very much skill to do. It could 
^ carried out in the ordinary occupations in their engine works and 
^pyards. There was one thing in the development of electricity in 
^^^castle, which was a very instructive corollary to what the President 
^ said that night. The Electric Light Company, which occupied part 
^^ the old classic works of Hawthorn, commenced their operations some 
^-^o or three years ago, and had laid down their plant and worked for two 
jeara, with the result that they consumed a certain amount of coal. 
They put down at once a condensing engine giving the same amount of 
%ht, and they are doing their work now with exactly one half the 
*DM)nnt of coal. That was an experience very much confirming the 
President's views that night. As to the waste of electric power, his friend 
Mr. Wigham Richardson had suggested that somebody should mention 
that there was always a source of electric power at the bottom of coal 
niines in the accumulation of water, provided that they could get an out- 
flow at the bottom of it. The idea of the President's paper was really 
soggestive, and he would say to the younger members in particular, for 
they had the world before them, it was of the utmost importance that 
they should take heed to such suggestions as they had heard that night 
to produce and carry on work more cheaply. 

^r. T. Westgarth said that as a Middlesbrough member of the 
Institution, he would like to add his thanks to the President for his 
adidiess. It was evident that an immense amount of trouble had been 
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taken in gathering together the information by the President, who had 
not only pointed out difficulties with which we had to deal, but had sug- 
gested the means by which these difficulties could be overcome. Mr. Boyd 
asked what the figures given by the President as to the power consumed 
in driving shafting represented. j3o far as the figures ascertained by the 
speaker, which were quoted by the President were concerned, the engines 
were indicated with all the shafting running upon the loose pulleys, so 
that everything was included except the power required to drive the 
machines. Mr. Boyd remarked that he saw difficulties as to adapting 
the President's suggestion to use condensing engines for driving the 
works' shafting. The speaker had come across the same difficulty, and 
had overcome it by the use of the evaporative surface condenser, which 
could be worked with less water than was used by an ordinary 
high-pressure engine. He did not think it was generally appreciated by 
shipbuilders, engineers, and others, what a large percentage of power 
used in their works was lost in transmission, and it was the consideration 
of this subject which led him to investigate the matter. The electrical 
transmission of power was not only the means of saving a great deal 
of the loss by transmission, but made it possible for the steam user 
to generate the whole of his power by high class economical engines, 
which appears to be one of the chief advantages of the system. The 
President mentioned a case where 86 tons of coal was now being used 
per day, which he anticipates might be reduced to 18 tons per day by sub- 
stituting a new central generating plant and transmitting the power 
electrically. It appeared to the speaker that the President had under- 
stated the case, because his figures showed that in the works referred to 
the engines were using about 60 lbs. of steam per horse-power per hour. 
There would be no difficulty in producing the power upon a quarter of 
this weight of steam by the use of high-pressure boilers and triple 
expansion engines, so that apparently the quantity of coal could be reducedi 
from 86 to 9 tons. One of the most important matters to be consideredi 
in connection with the electrical transmission of power was, of course, th^ 
cost of carrying out the installation. The speaker had gone into fhW 
matter very carefully, in conjunction with Mr. Selby Bigge, and ha^ 
found that in an ordinary shipyard or engine works the whole of th^ 
machinery, engines, boilers, etc., might be cleared away, and ne-^ 
engines with high-pressure boilers, dynamo, motors, and fittings, sulci: 
stituted for doing the work, and the cost would be paid for by the savin, 
of fuel, water, and other expenses, in less than four years. 
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^« J. PfiiCB — Does Mr. Westgarth include the cost of fitting motors 
to the machines, such as punching machines, etc., in position ? 

Mr.VKSTGARTH replied that in making the calculations they had 
mclnded the cost of separate motors for the detached machines, such as 
punching presses, etc., about a shipyard, and also for the larger machines in 
the works, such as wall planing machines, et<5., in the engine works, and the 
application of separate motors to the cranes, and to the lines of shafting for 
®^er machines. He was glad to observe that the President recom- 
^flded the use of the ordinary triple-expansion engine for driving the 
dynamo for large power installations. He was quite satisfied that for 
*^ powers the wisest course would be to adopt the ordinary marine 
vP^oUriple-expansion engine, which has done such good service for the 
^^^9^^ of this district. As the maker of the engines and boilers for 
^ Bedson plant mentioned by the President, he might state, and he 
*^ it would interest the meeting to know, that the installation 
^^^^'^ to be very successful. So far only preliminary trials had been 
''^^bat they had given complete satisfaction to those concerned. 

^' J. P. Bbdson thanked them for the opportunity of being present 
*'^e President's address, and for their invitation to be there that night. 
^ *^^ wag a total stranger he must ask for their indulgence. He was a 
^^*^ire engineer, and came to the North-East Coast full of IWcashire 
I^Jidioe, but he had come to the conclusion, after looking into marine 
^ne practice there that the wonderful efficiency they had obtained he had 
ooDcluded in putting down an installation for his company of the inverted 
^'^plc-expansion steam engine, such as was used at sea, and which had 
gi^n such good results at sea, hoping for a repetition on land. He was 
^ on into electricity. He went into the matter full of a mechanical 
engineer's prejudices, and pooh-poohed the idea throughout, but when he 
^ted works on the Continent and saw what they were doing — and which 
qnite corroborated the results given by their President in the consumption 
of coal and the economies in driving machinery — he changed his mind. 
In one case, he understood, where the steam plant, mechanically driven 
machinery, consumed 3,000 kilos, of coal in doing a certain work, the 
mechanical transmission was taken out and electrical transmission put on, 
and the work was done for 800 kilos, of coal. That would bear out Mr. 
Westgarth's results. The National Arms Factory of Li^ge were produc- 
ing a rifle in ten hours on a consumption of 1^ horse-power by electricity, 
as against 3^ horse-power in the mechanical transmission factories iden- 
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It would thus be seen that with mechanical forms of power transmission 

the fnctional loss increased with the load, and was not a constant. With 

purely electrical transmission, that is to say, in the case of works driven 

by aeli-coiitained electric machine tools, these Motional losses were 

entirely eliminated, and the loss in transmission through the cables 

ahoolQ not exceed 2 or 3 per cent., assuming engine friction to be the 

^*°^e ^ either case. The speaker said that he was now having some 

^^'^ tests carried out in a Lancashire cotton mill on the loaded 

inctional loss, and hoped shortly to be in a position to publish the 

'^**5 he would, however, be glad to hear if any of those gentlemen 

P'^nt had carried out any experiments in this direction. As regarded 

, ^S^neral application of electric driving to works, the main feature lay 

^6 fact that it was possible to concentrate in one highly efficient plant 

^ generating power for the whole place, this power was cheaply 

^'^^ted, easily and efficiently transmitted, while the control for 

^mical running was perfect. There were many points in connection 

»itt. the convenience and simplicity of electric IZng which did not 

PPear to engineers at first sight, but they soon became evident in 

P^tical work. There was undoubtedly a large scope in shipyards for 

^e application of electricity, and the speaker considered that many 

^velopments in labour-saving electrical machine tools would take place 

^^ those yards where electric power was available. As he had so often 

^***^hi8 views on the subject in papers which he had read on electric 

^^er work as to the pros and cons of the system, he would not detain 

^^ni further at that late hour, as other gentlemen would, doubtless, like 

^ l^^in in the discussion. 

^^- V. H. Panton said they had a small application of electricity 

^u they had found a very great saving. They had only spent a few 

nnndred pounds ; from the saving already eflFected they expected to get 

""8 back in a year. He thought the statement of Mr. Westgarth about 

S^^ the value back in four years was very much within the mark. 

^^' L. Newitt said he regretted that he was unable to hear the reading 
of the President's paper and the early discussion upon it, but hoped to 
read in the Transactions all that had occurred. He had had some experi- 
ence with electric motors, and he would like to put before them a few 
poinfcs which had been noted. The general use of the electric motor 
appeared to be advocated more by those who use them than by electric 
engineers. This may be explained in that they are (as compared with the 
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ordinary steam engine and its boiler) : — (1) Clean ; (2) less nois, 
(3) take np less room; (4) and are more readily applied to many classes 
machines and shops. However, before adoption, the efficiency of the mot 
system should be carefully balanced against the ordinary belting a 
shafting. They had heard that night about certain works and machii 
being driven by electric motors, and again that each machine was beu 
driven by its own motor. That, however, seemed even to an electric 
engineer to be rather a big stride. If they took the case of an ordina 
works on the Tyne having an engine of 250 horse-power situated not i 
from the various sections of shafting from which all the machinery ^ 
driven, the efficiency of this system throughout would, in all probabilil 
be at least 75 per cent. If more, the shafting, owing to heating and oth 
causes, would either break down, or the engineer in charge would so 
discover the defects and remedy them. Whereas if motors were used i 
this work the losses due to the dynamos, the cables, and then reconverti 
this electric energy back again by the use of the electric motor, its sha. 
ing and reducing gear necessary to reduce the speed (which usually wt 
running efficiently is about 600 revolutions) for the various requirem^ 
the system would work out exceedingly well if anything like 50 per ce 
could be got. These remarks applied only to the ordinary compact engines 
ing works. When a works had been so laid out as to require special ste^ 
piping to be led to auxiliary engines and machines at a distance of ^ 
100 yards, then the field for the motor commenced, and, as clearly poin 
out in the President's valuable address, the statistics at once sho 
the advantages of electrical transmission as compared with the run? 
of steam pipes to a distance from the boiler, owing to condensation 
other causes. This appeared to be the correct field for motors, an 
in a works where the machines and main shafting were close to the 
engine. Here it was hardly possible to compete .to advantage 
ordinary shafting and belts, but when extensions were carried out tl 
for each case the question of electric motors came in for considf 
Also there was no doubt as to their being of great value for the < 
of dock gates and out-door crane work, where the cables could 
easily led than steam pipes. For mill work motors to each 
might be considered advisable, because transmission of power by 1 
supposed to have often caused fire, and again in mines the mo 
found a safe home for many purposes. In ships the motor 
tageously used for fans and the like to avoid running long 
steam piping. In the construction of ships, motors had bee 
drilling and other work, where the motor had to be contiou 
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He bfli tried a motor for doing drilling work, but it was not a great 
TOCcesB. It was found that it required two men to lift it about, and the 
delay caused by moving it from one hole to another was such as to make 
ite work equal to that of only two good drillers. The question of super- 
intendence must not be overlooked. They saw continually failure after 
&ilure ariRing, and these could in most cases be traced to the incompet- 
ence of those put in charge of electrical machinery, and it was good at a 
meeting like this to bring before them the importance of having properly 
qualified men in charge who knew how to avoid the diseases to which 
dectrical machines are subject. He had been most interested in what 
"e had seen in the President's paper, and had no doubt it would be of 
peak value to the Institution. 

On the motion of Mr. W. C. Mountain the discussion was adjourned. 
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NORTH-EAST COAST INSTITUTION OP ENGINEERS 

AND SHIPBUILDERS. 



Eleventh Session, 1894-96. 



PROCEEDINGS. 



SECOND GENERAL MEETING OF THE SESSION. HELD IN THE 
ATHEN.EUM, WEST HARTLEPOOL, ON SATURDAY EVENING, 
NOVEMBER 17th 1894. 



AxDEBMAN THOMAS RICHARDSON, B.A., J.P., President, in the Chair. 



The Secretary read the minutes of the Eleventh Annual Meeting 
held in Newcastle-on-Tyne, on October 16th, 1894, which were approved 
by the members present, and signed by the President. 

The ballot for new members having been taken, the President 
appointed Messrs. C. D. Doxford and G. W. Sivewright to examine the 
voting papers, and the following gentlemen were declared elected :— 



MEMBERS. 

Bigge, D. L. Selby, Electrical Engineer, 27, Mosley Street, Newcastle-upon- 
Tyne. 
Duncan, George Thomas, Engineer, c/o Messrs. Tangyes, Limited, 3, St. Nicholas' 

Buildings, Newcastle-upon-Tyne. 
Elliott, William D., Consulting Engineer, Hessle, Hull. 
Graham, WiUiam, Engineer, Primrose Villa, Kingsland Crescent, Barry Docks, 

South Wales. 
Green, Frederick W., Marine Engineer, 14, Monk Street, Sunderland. 
Houston, John, Supt. Engineer, 32, Randolph Street, Sunderland. 
Jack William C, Supt. Engineer, Service Subverstionnes des Correspondances 

Flnviales au Tonkin, Haiphong, China. 
Stronghtdr, John W. H., Engineer, Whitewell Lane, Ryton-upon-Tync. 
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MEMBER (LATE GRADUATE). 

Finch, Herbert K., Colliery Agent, c/o Messrs. Blainscough Colliery Co., Coppnll, 
near Chorley, Lancashire. 

ASSOCIATE. 

Ball, Alfred F., District Representive of Messrs. Siemens Bros., London, 14, 
Lansdowne Terrace, Gosforth, Newcastle-upon-Tyne. 

GRADUATES. 

Cairns, Charles W., Apprentice Engineer, 84, Addison Road, Heaton, Newcastle- 
upon-Tyne. 

Hudson, Charles J., Engineering Student, 84, Addison Road, Heaton, Newcastle- 
upon-Tyne. 

Mace, Charles, Apprentice Engineer, 253, Albert Road, Jarrow-upon-Tyne. 

Thomas, Robert Gates, Apprentice Engineer, 17, Denmark Street, Gatesbead- 
upon-Tyne, 



The discussion on the President's Inaugural Address was resumed, 

Mr. Andrew Young read a paper on " A Brief Outline of the Theory 
of the KoUing of Ships. 



DISCUSSION— president's addebss. 85 



ADJOURNED DISOUSSIONT ON THE PRESIDENT'S 

INAUGURAL ADDRESS. 

Mr. W. 0. Mountain (Newcastle), resuming the discussion, said he 

bad read and listened with very considerable interest to the President's 

address, and he considered, as an electrical engineer, that a very important 

subject had been brought before the Institution. Until Prof. Kennedy 

as President of the Institution of Mechanical Engineers took up electrical 

matters in connection with an engineering institution he was rather 

afraid that electrical engineers were looked upon by the members of the 

general engineering profession as quite insignificant people, and it was 

therefore all the more gratifying that a gentleman holding the position 

of their President should think it worth his while to take so much interest 

in electrical matters. There was no doubt that the President had 

touched upon one of the most important applications of electricity in his 

address, viz., its application to motive power purposes, and he hoped he 

should not be saying anything in any way detrimental in suggesting that 

their President might have looked nearer home for examples of successful 

applications of electricity, ».«., driving workshops and such Uke work, 

instead of going to Belgium for it. Being an Englishman he had a very 

strong feeling that they should try to support their own country ; and he 

could unhesitatingly state that there was first of all no need to go abroad 

for successful applications of electricity to almost any purpose, nor was 

there any need to go to Belgium, Germany, nor any other country to 

purchase fii*8t class dynamos and motors ; and he would go further and 

state that in point of general excellence, both in design and workmanship, 

there were a large number of electrical engineering firms in England 

who were capable of, and did at any rate, as good work as any of the 

foreigners. The installation of electric transmission of power referred to 

by their President at the Small Arms Factory at Liege was particularly 

inteTestingy and he should be glad if he would give the Institution some 

reliable information as to the comparative cost per unit of current 

crenerated by the Corliss type of engine and by the Willans vertical engine 

and djnamo coupled. For his own part he had yet to see where the 

adva/ifca^e came in, in turning the fly-wheel of the engine into the 
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dynamo ; it might be that it made a better arrangement ; but in point of^ 
first cost, which was a point that had to be seriously considered, he 
under the impression that a coupled engine and dynamo of the WiUan 
or other high speed type, or of a Corliss engine or other horizontal engin 
of an economical type driving by ropes or belts on to a higher speed 
dynamo would not only be just as efficient but a much less expensiv' ^ 
type of plant. Their President had touched on an extremely importairr::] 
matter when he mentioned in his paper that at the Li^ge factory t 
electric motors drove on to lines of shafting instead of a separate mo 
being attached to each machine. He thought there was no douht that r 
an ordinary engineering works the most economical arrangement both 
regards first cost and also efficiency where a large number of tools w^^ 
required would be obtained by adopting the system where an elect 
motor was put down, say in each shop, and driven by belt or otherwise or 
to its line of shaft and from this shaft power was transmitted to tli» 
various machines. Thinking that a rough comparative estimate of (1^ 
the prime cost of complete electric transmission systems by large an 
small motors and (2) the total efficiency of these systems might be oF^ 
interest he had prepared two rough estimates, and had assumed in each^ 
case that the indicated horse-power of the engine was 200, and he had^- 
taken the President's figures as regarded the efficiency in the No. 1 
estimate, which was for a plant consisting of engine and dynamo with 
four electric motors of 33J effective horse-power each. In the No. 2 
estimate he took the same value of power for the engine and main 
dynamo, but he had taken a number of smaller motors and assumed that 
one motor drives one machine. In the No. 1 estimate there was a total 
of 114 effective horse-power available for driving the four lines of 
shafting, and in the No. 2 estimate only small motors were used with the 
same watts or electrical output at the terminals of the motors. They 
were only able on account of the lower efficiency of small motors to 
obtain 90 effective horse-power. It would be noted that the 100 effective 
horse-power is made up as under : — 



« 10 
= 30 
= 20 
= 30 
= 10 

100 



2 motors of 5 horse-power 


10 „ 


3 


•» 


10 „ 


2 


»» 


30 „ 


1 


»» 


20 


i 


»? 



DISCUSSION — president's ADDRESS. 87 

This being what he roughly considered the number of machines approxi- 
mately required for any engineering works where 90 horse-power was 
required for driving tools. The comparative cost of the two schemes 
worked out as under :— 

No. 1 Estimate. 

lufitallation with four motors driving on to four main lines of 
shafting. 

^^^^^ of horizontal engine, with Corliss gear, capable of developing £ 

200 indicated horse-power 670 

^ytiAjno to g^ve output of 120,000 watts, together with switchboard 750 

^iidticting cables between dynamo and the four main motors, saj 200 

J'our electric motors of 33i effective horse-power, each £220 ... 880 

*^ctiQiij say ... ••• ••• .«. ••• ••* ••• ••• 200 

Total £2,700 



No. 2 Estimate. 

*^^i^ installation with independent motors driving each machine. 

£ 

Cost of horizontal engine, as per No. 1 estimate . . . 670 

Dynamo and switchboard, „ „ ... 750 

Cables for 70 motors, say 700 

2 5 horse-power electric motors, each £60 120 

10 3 „ „ „ £50 500 

10 2 „ „ „ £35 350 

30 1 ., „ „ £25 750 

20 J „ „ „ £15 300 

Erection, say ... ... ... ... ... ... 500 

Total £4,640 

Tli^ above showed a saving of £1,940 in favour of the No. 1 

estimate. The next point, one which was extremely important, viz., 

^as that of efficiency. Comparing No. 1 estimate with No. 2 estimate, 

atid assuming that in both of them the same type of engine was used 

and the same dynamo, they had available the indicated horse-power 

of the engine, and deducting 10 per cent, at the dynamo terminals 

aB output of 120,000 watts. Taking the loss of the engine as 10 

per cent, and in the dynamo 10 per cent., lie considered the loss 

of 2 per cent, mentioned was too small to cover leakages in cables 

and other contingencies, and he had therefore assumed 6 per cent, as 

being nearer the figure in actual practice. Deducting 6 per cent, from 

the watts at the dynamo terminals, viz., 120,000, left 114,000 watts at 
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the motor terminals. Assuming large motors were used, viz., of 3S^ 
effective horse-power, the efficiency should be fully 88 per cent., 
and therefore with motors at this efficiency it was possible to obtain __ 
134 effective hoi'se-power on the motor shaft, /.e., four motors of 83J — 
horse-power each, this equalled an efficiency of 67 per cent, at the moton^ 
shaft; but assuming that the four lines of shafting absorbed 5 horse — . 
power, it left 28 J horse-power available for driving tools, Mid therefor^^ 
the total efficiency at the tools equalled 114 horse-power, or 57 per cent»^ 
of the indicated horse-power of the engine. Taking the other schema, 
i.e,y separate motors to each machine, and taking the efficiency of the ^ 
motors as under : — 

2 motors of 5 horse-power = 10 horse-power «= 80 per cent, efficiency. 
10 ,, 3 „ = 30 „ = 75 

10 ,. 2 „ =20 „ -=66 

30 ,. 1 ., =30 „ =60 

20 „ i ,. =10 „ =60 

gave a total power at the motors of 100 horse-power, but adding on the 
loss due to the lower efficiency, in accordance with the efficiency stated 
above, would necessitate an output equal to 113,000 watts at the motor 
terminals, or, say, practically 114,000 watts, to compare with the other 
estimate. Therefore the resulting efficiency was only equal to 50 per 
cent, of the indicated horse-power of the engine, against 57 per cent, in 
the other scheme. In addition to the loss of the small motors must be 
taken additional loss due to transmitting the power from a high speed 
motor to a slow speed machine, which could not be at less than 10 to 15 
per cent., therefore the all-round efficiency of the four large motors will 
be very greatly in excess of the powers to be obtained from the small 
motors. It was very gratifying to see such satisfactory results from the 
electric installations at Messrs. Dorman, Long, & Co.'s works, but he was 
satisfied similar results could be obtained in very many of the shipyards 
and similar works on this coast. He thought the Institution would be 
interested in having some further particulars as to the class of engine 
used and the method of laying the mains and distributing the current to 
the various motors, and he would ask Mr. Panton or Mr. Bigge to supply 
these. It would also be particularly interesting to know the system of 
distribution that had been adopted at the Bedson Wire Works particularly, 
as wire-drawing was an operation which presents some considerable 
difficulties. In the first place a number of small motors would, of course, 
run at a high speed, and a description of the type of reduction gear would 
be of great value and further the margin that has been allowed between 
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the actual horse-power reqnired for wire-drawing and the horse-power 
which the motor was capable of giving in emergency, as, of course, a very 
J^vy pull was required to start wire-drawing, and he would therefore 
like to know whether it had been decided to put down a separate motor to 
c^h block, which he understood was the original intention, or whether 
one motor had been put down to drive a number of blocks. With regard 
^ electric transmission installations in this country compared with 
^^bpoad, he noted in the electrical papers Messrs. Siemens Bros, had in 
w^eir works what he believed to be one of the largest installations in any 
work in the world, and considerably larger than the Li6ge plant. Their 

• 

installation consisted of one Bellis engine, with cylinders 15 by 23 by 10 
^ches, running 350 revolutions, and developing 300 horse-power ; three 
"illans engines, 14 by 20 by 9 inches, running 350 revolutions, and 
developing 300 horse-power, or collectively 1,200 horse-power ; 3 boilers of 
Choree-power each ; 4 dynamos, each giving an output of 2,000 amperes, 
1^0 volts, or collectively 960,000 watts ; 13 40* horse-power motors, 520 
^W8e-power; 7 20 horse-power motors, 140 horse-power; 2 15 horse- 
Po^rmotors, 30 horse-power; 8 10 horse-power meters, 80 horse-power; 
** lOto J horse-power motors, say 5 horse-power average, 120 horse- 
P^^Cf; total, 890 horse-power. They had only to look a little further 
^ they found the very extensive application of electricity at the 
^^crpool and also the London Electric Tramways. In their own works, 
^ ^hich he would for a moment refer, they originally had a Lancashire 
^^^r, 26 feet by 6 feet, a Ruston Proctor portable engine, developing 
^"horse-power, and a vertical boiler of 20 indicated horse-power. These 
"Ouera steamed the engine, in the machine shop, erecting shop, and the 
Electrical shop. As this machinery occupied valuable space, viz., 90 feet 
^ by 45 feet wide, and the coal consumption was 25 tons per week, 
^ they required more room for extending their premises, he decided to 
^^ out the boilei"s and engine and to put down an electrical plant in the 
™» which consists of 2 locomotive boilers, capable of giving collectively 
^^ horse-power, at 150 pounds steam pressure ; a vertical compound 
^TO, 10 by 18 by 10, running at 250 revolutions, and developing 100 
^^^ horse-power. From this plant they were driving a dynamo giving 
^ ^^tpat of between 40,000 to 50,000 watts, and driving motors as 

^^8:— 1 motor in pattern shop, 15 horse-power ; 1 motor in erecting 

^^' 15 horse-power ; 1 motor in foundry, 12 horse-power ; 1 motor in 

shop, 2 horse-power ; 1 motor in armature testing shop, 4 horse- 

1^^^; 1 motor for 2 saws, 2 horse-power ; 1 motor for fan for tinsmith, 

^^^•power. The engine in the machine shop being still driven by 
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steam from the boilers. The result of this had been that they were able 
to erect a new winding shop, 90 feet long by 45 feet wide, in the works, 
where rent was very heavy, and they could not do less than credit £150 
per annum towards this shop. In addition to this they were saving 14 
tons of coal per week, and two men attending to the machinery, and this 
saving had been effected after doubling the size of their works. Therefore 
they could not at the very least estimate the saving at less than £700 per 
annum. Another important installation in this district, and one which 
would compare favourably with any other, was a plant which his firm had 
just erected at the Cowpen Coal Company's Colliery at Cambois. The 
pumping underground was originally done by the haulage engine driving 
the endless wire rope, the rope passing over the pulleys of these pumps 
underground and driving them, the pumps being 8 inches diameter by 18 
inches stroke. The plant which his firm had erected consisted of a Corliss 
type engine driving on to a dynamo, giving an output of 50 units ; the 
current is taken underground and distributed to 7 pumps, each pump 
being driven by an electric motor capable of developing 8 effective horse- 
power, and driving through worm gearing on to a crank disc, to which the 
connecting rod of the existing pumps was coupled. The following were 
the particulars of the old and new plants : — 

Old Plant. — Size of engine used for driving the haulage rope and 
the power used for the pumping : — Two engines, each having a pair of 
cylinders, 14 inches diameter by 14 inch stroke ; one engine with pair of 
cylinders 12 inches diameter by 14 inch stroke ; three locomotive boilers, 
*>., a boiler to each engine, the boilers being 3 feet 8 inches diameter, 
with barrel 8 feet long, fire-box 5 feet 9 inches, each boiler being fitted 
with 39 tubes 3 inches diameter. Coal consumption for pumping work 
per week about 30 tons. Total number of men employed for stoking and 
driving engine on the main roads, also attending to the ropes, 5 men and 
4 boys. Total cost per annum for the old system of driving, £1,950. 

New Plant. — One engine with Corliss type trip gear, with cylinder - 
13j inches diameter by 30 inch stroke single cylinder. One boiler of the ^ 
locomotive type the same size as the three boilers originally used, i.e.,^ 
3 feet 8 inches by 8 feet barrel, 5 feet 9 inches diameter for fire-box, fittedS 
with 39 tubes 3 inches diameter. Coal consumption 9 tons per week. 
He might here mention that the coal consumption of 9 tons had been th^ 
consumption during the time that a large quantity of standing water hac3 
been got out, and the plant had been working much longer hours thax^ 
the old plant had done. The number of men now employed to attend to 
the engine and boiler and 7 pumps was 3 men and 2 boys. Messrs. 
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Forefcer anticipated from figures which they had before them that the 

annual saving would be not less than £1,000. With regard to the results 

at Cambois Colliery, it was only fair to Messrs. G. B. & T. E. Forster, the 

Dianaging owners, to explain that the original system of pumping was not 

specially designed for the colliery. It was necessary to pump a small 

quantity of water, and one pump was put down ; further pumps were 

tken added as the water increased. At the same time this represents very 

™y the existing system of pumping in a large number of collieries in 

tliis country, and cleariy shows the economy which might be anticipated 

DJ adopting the system elsewhere. Since the paper was read he had also 

*^ an opportunity of hearing the discussion which had so far taken place, 

^ it was extremely gratifying to him to think that so many prominent 

^^ hi come forward and expressed their practical views on the system 

^f electric transmission. Mr. Wm. Boyd had probably mentioned one of 

^niost important items in the whole system, and that was the question 

^ ^mng the high speed of an electric motor down to the lower speed 

'^'lired for machine tools and various operations. There are many 

^^^^ of reduction : — 1st, by means of pulleys and driving belts ; 2nd, 

■^ Cleans of spur gearing ; 8rd, by worm gearing ; but whichever of 

^^ systems was adopted there was bound to be a loss, and this loss was 

jjy^^ than was fully appreciated. He had applied different systems of 

Action gear, and he was inclined to favour a combination of gearing 

^ l^elting, although he had been very successful in the application of 

^5^ gear to pumping machinery, but he thought they should not 

w^ ^ate on a loss much less than 15 per cent. Mr. Westgarth had very 

j^ ^ I^i-Iy brought forward the triple expansion type of marine engine as a 

1 ^ble motor for driving electrical machinery, and there was no doubt 

^ '^ this type of engine was eminently suited for the work. It would, 

^j^^^^er, be necessary, with a triple expansion engine, to provide that the 

J ^ Mb& more or less constant. Of course in installations, such as lighting 

^^, where the load was very varying, a triple expansion engine would 

"* He considered, have as high an efficiency, i.e.^ an all-round efficiency as a 

^tK)und engine, because during the hours of light load the engine would 

^oing little or no work, and the low pressure cylinder would be a drag 

— of a help, but for driving installations where motors were used, 

'^ the load was practically constant, there was no doubt that the triple 

tension engine, with a steam pressure of 160 lbs. per square inch fitted 

>^ ^^ a condenser was a most economical and satisfactory type of engine. 

^- Westgarth had, however, in his opinion gone much too far in the 

^^ment he had made respecting the ultimate saving by putting down 
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electric plant. He was quite sure Mr. Westgarth did not intend to make 
any statement that was not perfectly accurate, but he thought that general 
statements such as he made in stating that the total cost of the plant 
would be saved in less than four years was one that should be more care- 
fully explained. Without wishing for a single moment to depreciate the 
value of electric motors or electric transmission, he thought it behoved 
every electrical engineer, who at any rate had sufficient engineering 
knowledge, to be careful in guiding his customers instead of misleading 
them. It was absurd to suppose as a general fact that all they had to 
do was to put down a dynamo and a motor, and connect it with cables, 
and an economy resulted. Yet this appeared to be the practice which 
was being preached by some of the electrical engineers of the present day. 
He was perfectly convinced that where a really high-class Corliss or triple 
expansion engine could be put down, and the power could be transmitted 
by ropes direct on to lines of shafting, and the shafting was erected in a 
thoroughly economical and perfect manner, that the shafting could be 
driven at less loss than would exist in a transmission plant where the 
power had first to be turned into electricity, passed through cables, and 
finally turned into power again. This, according to figures given by the 
President, meant a loss of 27 per cent. He (Mr. Mountain) would say 
nearer 30 per cent. He thought most engineers would agree with him a 
loss of 30 per cent, did not exist in transmission by ropes — in fact, by recent 
tests he had made he had found that the loss was only 3 per cent. He 
mentioned these facts simply because he thought it was their duty to per- 
suade their customers to put in what was really the most satisfactory and 
economical system rather than have electrical plant simply because they 
happened to be makers of it. On the other hand, where a number of 
machines or shops distributed over a certain area had to be driven, there 
was no doubt that the electrical system with independent motors for each 
shop, or probably for each machine, was a most economical plant, and 
this could not be better proved than by the results obtained by Messrs. 
Dorman, Long, & Co. in their own works, and by his firm in their 
engineering works. Mr. Selby Bigge had raised a point which was cer- 
tainly an interesting one, but was somewhat simply answered. He asked 
what was the difference between loaded loss and light load loss ? He must 
be perfectly aware that, assuming he was driving shafting, the friction 
Wiis necessarily somewhat greater when it was loaded, but he must also be 
aware that the friction was equally increased if he had reduction o-ear 
between the dynamo and the luachino he was driving, so that he did not 
think any very great point could be made of this. Mr. Newitt did not 



DISCUSSION — president's ADDRESS. 43 

speak in a very hopeful maimer as regarded the application of motors to 

ship work, but he thought Mr. Newitt would probably change his mind, 

as there was no doubt that, for driving fans and also for driving auxiliary 

machinery on board ships, there was a very great future for electrical 

work. His finn had recently supplied electrically driven fans for induced 

^rwghti. These fans were exceedingly compact, and as the motor could 

he run at a high speed without vibration, a much smaller fan could be 

^ than with steam engine driving. He regretted he had taken up so 

nmch of their time in the remarks he had made, but he hoped that all 

^^^bere who were in any way interested hi this system of driving, which 

would undoubtedly be one of the most important branches of engineering 

^ the future, would not be backward in saying what they could either 

^« or against the system. 

Hr. Joseph Adamson (of Hyde) said he must express a feeling of 

^^tion to the President of the Institution for having brought the 

^pi of electrical transmission of power before the engineers of the 

North-East Coast. In their own shop they had given considerable atten- 

^^<^D to the driving of their tools since 1888, and he did not see that there 

^ any great difference between a Lancashire boiler works and other 

t)ianche8 of engineering trade. In one part of their works — ^boiler shell 

department — which is a bay 200 feet long and 45 feet span, having two 

^ of shafting down it, one on each side, 8 J inches diameter, he 

could assure Mr. Mountain they had tried their best to reduce their loss 

^ a minimum in friction. In addition to the 400 feet of shafting 

rumiing in this shop they had in their tool shop, which was driven by the 

®Die pair of engines, about 250 feet of shafting, or a total of 650 feet. 

The power used with the tools working under normal conditions was 70 

iDdicated horse-power, but the shafting alone driving the straps on the 

loose pulleys on the various machines required 38 indicated horse-power. 

Now, taking into consideration that the tools are not actually cutting 40 

per cent, of the time there was this constant friction of 38 indicated 

horse-power. In an agricultural engineer's shop, employing about 2,000 

men, who were always on piece-work making agricultural engines, etc., 

and many of the tools were light tools, the actual cutting time did not 

exceed 45 per cent. He had no doubt that if these machines were driven 

electrically the friction would be reduced considerably and very little 

more power used than was at present used in driving the shafting. The 

members of that Institution would guarantee to make engines to work at 

i ^ lbs. of coal per indicated horse-power, but what about their auxiliary 

engines ? Would anyone guarantee that these engines worked with 40 
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11)8. of steam per indicated horse-power ? He was not of Mr. Mountain's 
opinion that the application of electricity on board ships could not be 
applied with very great advantage to the shipowners, and the wear and___ 
tear considerably reduced, because the leads from the generating dynam( 
and the various motors about the ships would be kept more easily ii 
repair and there would not be the constant trouble with leaky joints, et 
In reference to some of their neighbours going to the Continent to g( 
foreign tools, he did not consider engineers had any country. The: 
business was such that they had to go all over the world, and every i] 
provomont that was made mad^ that world less and they became more 
more dependent upon each other. He and his son had been abroad to 
what had been done, and they had inspected some very large installation ^ 
of electric driving. It was positive, economical, and clean. They alte: 
their shop in 1888, and in one bay they put a rope travelling crane 
Wren & Co., of Manchester, and like a great many more people tli 
found this labour-saving tool was an extremely expensive tool, becau- — 
the men, instead of exerting themselves as they had hitherto done befo^^ 
the crane was put up, always waited for the crane to do the work, The^^ 
thoreforo decided to put up two additional cranes. Being under tl 
impi'ojwion that it took a great deal of power to drive the rope they wei 
anxious to work the two additional cranes from the same rope ; but oi 
applying to the \^rious crane makers they would not recommend this 
Iv doiu\ nor did they know of any place where three cranes were drivei 
with ono roiie. The crane makers recommended an additional rope t^ 
Ih^ put down, but Messrs, Joseph Adamson & Co. being short of power 
dill not siv their wj\y to drive an additional rope, and further, the 
onu\o makors ixnild not toll them how much it would cost in power to 
drivo tho rv>ix\ Thoy dtvidoil then to adopt electrical cranes, but the 
jHH^plo who thouijht thov know siud it was an act of folly. TVTien he was 
ovor in tho ruit<\l St^Uos in 18i>0 he ss^w an electrical crane in Sellers, 
rhiliulolphijK which {^p\HM^ro\l to work all rigrht. On coming home they 
\\ou( further into tho m^itor, but c\>uld not lind any crane makers who 
\\\>uld iv\\MU\iuM\d thou\ to a<lo}^, even then, electric cranes, so they 
\Uvi^Uvl to t^^ko tho onus of niakiusr the on^ncs theniselvesw They con- 
sult <\l son\o oUv(riv\ii ouirinivrs^ wlu\ on a^vount of the cost, recommended 
;\ si\v^lo uh^tor to K^ vvn:i:i\;,'0.1y n;r,ninc, but Messrs, Joseph Adamson 
xV i\\ divi not liko th;:s. i^ithou^h thov di^icnod a crane with a sin^-le 
\\\x>tor» ;u\vl whou tho ^io^■cn \>:as r.r.:>^hod anvi the dotails worked out the 
uu\\\\vr v^t o>*\;ohos ;hcu' \v,^< ixw-js^rr lo p>t the various motions was 
s\»oh th^t \i y\cic\x\\\ thor,;. Thov T\*-des;pH\i their cranes and went in 
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wT " three-motor " cranes, being anxious to have the best thing that they 
could design, and the motto they worked on was " conscious ignorance is 
often safer than satisfied knowledge." They then put down a generating 
plant of 50 horse-power to work this crane, and this was supplied by 
-^^^ssre. Siemens Brothers & Co., Limited, of London, together with the 
^^Pee motors for the first crane. In this matter of cranes they were 
S'^ded by the fact that the output of the works depended more upon the 
^pidity in which the work was changed on the machines than the actual 
^^fcing speed in the machines. In taking out the powers required to 
^ve this 10 ton crane of Messrs. Wren & Co.'s they found that a | 
^'ich rope, 560 feet long, actually took as much power to drive at the 
'Quired speed of 6,000 feet per minute as it did to do the whole work 
^^ the electric crane. . As Mr. Mountain had wisely remarked, to reduce 
^^ liigh speed motor to a low speed machine power was lost. He might 
'^^'^e added with equal truth that it took a great deal of power to get from 
'^ l<>w speed to a high one. He submitted some figures for the satisfac- 
^•loiiof the members of the Institution which might prove useful ; they 
'^^ a motor to drive the rope crane by which means they got the power 
^^ch more accurately than by indicator diagrams, although he might add 
^^ the diagrams taken from the engine practically gave the same 
^^^ts. For their information the rope crane driven as before mentioned 
^y a rope 560 feet long, running about 6,000 feet per minute, took 12'58 
*^orae-power, of this the motor driving a belt on the loose pulley took 
^'W horse-power net. When travelling this crane at 53 feet per minute, 
loaded with 6 tons 10 cwt., the gross power required to travel it was 
^^'74 horse-power. In the cross traversing motion at 60 feet per minute 
the power required was 14 gross horse-power, or the actual power required 
to traverse the crab with 6 J tons on it was 1*47 horse-power. The 
hoisting of 5^ tons at 6"3 feet per minute was 17*1 horse-power, thus 
gi^on the gross an efficiency of 11"5 per cent, and 43*2 per cent, for 
the crab alone. To lift this load at the same speed as the electric crane, 
D^niely,at 12 feet per minute, would require a total power of 22*9 horse- 
power. The electric crane results were as follows : — Longitudinal 
teavelling at the rate of 120 feet per minute was 3*03 horse-power when 
running light, or 3*68 horse-power when loaded with 6 J tons. The cross 
trayening at about 50 feet per minute was 1*77 horse-power when light, 
OT 1*91 horse-power when loaded. When hoisting 5^ tons at the rate of 
12 feet per minute the power required was 12*97 horse-power. In all 
these discussions it was possible to prove anything by figures, but what 
he wanted them to realise was the possibility of improvements to be 
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effected in going through their own works, if they had not, as he had, a 
weakness for looking through other people's. In taking the crane as an 
example of the various tools in, say, bridge yards, they could see the 
saving was such that the reduction in the power to drive would be 
enormous. In the electric driven machines the power is only used 
when the work is being done, but with a shafting driven shop or a 
rope driven crane the shafting is running whether the tool is working 
or not. They may say the rope is knocked off when not using the crane, 
but the actual time employed in lifting is very small compared to the 
time the rope is running even then, and the same with regard to shearing 
and punching machines. There was a firm in Zurich who had lately ex- 
tended their place and covered about three acres of land, and they drove 
their works by electric motors. Not only were they driving the shafting, 
but over the fitters' benches and over the light lathes they had put up 
electric driven blocks, in fact in all places where the men had to manipu- 
late work which was more than they could handle. If the foreigner with 
his low wages and long hours could afford to go to this refinement how 
much more so should they, because, to take the case of the fitters, they all 
knew if he had to pull and haul at the rope or chains of a pair of rope 
chain blocks fixed over his bench he would do it much more leisurely thaina 
he would if a machine did it, and, further, he would have exhausted hirj 
strength and would have to rest before he could proceed with his ordinaiT-^ 
work. It did appear to him that electricity in its power of applicatio^ci 
was unlimited, and could be used almost anywhere and with everythin- ^^ 
and wherever intermittent power was required there was no other ayg^. r_ 
so economical as electricity ; and he also looked at it from another stai 
point, electricity up to the present had been entirely in the hands 
highly educated college men. Now, he was looking forward to a v 
advance on this ; when they got this tool in their own works the impro' 
ments would be such in the practical workings of the machine a» 
astonish even the most sanguine. He had been told that what he w- 
doing was very risky by a very cautious gentleman, but that gentlei 
now admitted, at any rate as far as electrical cranes were concerned, tl 
it was much in advance of anything he had ever dreamt of, and his ow 
opinion was that the transmission of power by electricity will be as gi 
an advance as the locomotive was upon the stage coach. He was mucB^ - 
obliged for the privilege they had given him to address the members oz^^ 
this Institution. 

Mr. D. B. MoRisoN said to those associated with industrial establish-^ 
raents the President's suggestive address was particularly interesting, a^^ 
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it indicated at least one method by which economies in production could 

1)8 effected. These troublesome times of dull trade, together with active 

propagation of impossible labour programmes, had one advantage, as they 

gave a stimulating effect to the development of modem machinery and 

labonr-saving appliances, so that the same work could be done with less 

«boiir, or more work for the same labour. He had an opportunity some 

^ ago of visiting many electrically driven works on the Continent, and 

amongst them were those described in the President's address, and he 

^M quite bear out his (the President's) statement as to the levelling up 

^handicraftsmen between themselves and their Continental brethren, 

^^Pccially amongst turners and machinemen, as the machines he saw in 

^^ various shops were certainly as good as could be found in this 

^^^try, as was also the output of the machine per man per hour, and 

'^^^they considered that these men were paid 18s. to 20s. per week, and 

'^^^rted ten hours a day, it made them reflect on what the commercial 

P^^^BiKlities might be in the future if labour in this country persisted in 

^ iwsent reckless course. Fancy, for example, a works being driven in 

^^^coantry at the expenditure of 86 tons of coal a day, and a works of 

r^^^ power on the Continent being driven by a possible 12 tons a day! 

^^absardity was most apparent when they remembered that not only 

^^^ there an unnecessary expenditure of 24 tons of coal per day, but also 

^H the labour connected with the burning of that coal and the upkeep 

the additional boilers. Many engineers looked upon electrical driving 

^^^ SDgpicion ; but he might say his experience on the Continent was 

^^^ that any suspicion he had had disappeared, and when one saw 

^^^oiy after factory working year after year without a hitch, and at an 

^^^^^ownical expenditure of fuel unknown in the shipyards and engine 

^kg of this country, he was of opinion that those interested should 

^^^ to realise that it was commercially imperative to do something. 

'^^ Newcastle one of the speakers questioned the economy of electrical 

^^^ in compact works. The basis of economy is, of course, the 

^*^ and boiler, and if works are so arranged that triple expansion or 

^^^liighly eflScient engines can be used, and there are no long lengths 

^ Bt«am pipes or indirect drives, then electrical driving would be out of 

^^^eation. Seldom, however, had they such high efficiency in engine 

^ or shipyards in this country, as generally they were the scattered 

^^•^ndensing engines by the dozen, long lengths of steam pipe, low 

^^preggure, and utter disregard to consumption of coal. He had had 

opportunity of inspecting the Belgian Royal Arsenal, which was very 

^P^ and kept in a very high state of efficiency. Formerly the 
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machinery was driven by several small steam engines, bnt the Herst 
installation was such a success that the Government decided to ado 
motors at the arsenal, with the resalt that the consumption of coal 
about one-third of what it used to be, and there was a very mark* 
improvement in the regularity in speed. Many of the motors were 
very out of the way places, and one he noticed was in a cupboard undei 
stair, which afforded an example of how little attention was necessai 
Numerous other examples could be cited, but wherever he went he k 
the same i-esult, the works that were electrically driven were beii 
increased, and works not electrically driven were being prepared for 
Referring to the commercial aspect of the question, there was qui 
sufficient data obtainable for each one to decide for his own particul 
works what the cost and economy would be ; but in considering Mess 
Dorman, Long, & Co.'s installation they had an application of electric 
driving which resulted in a saving of 30 tons of coal per week by t 
change from steam to electricity of a total of 85 electrical horse-pow- 
Now, the dynamo for producing that power was driven by a high pressi 
engine, non-oondensing, and this engine was not by any means a gc 
one, yet it had been temporarily used for the driving of the dynamo, s 
saved not only the 30 tons of coal a week, but the two boilers that uu 
to produce the steam had been sold, and the men who stoked i 
boilers had been discharged. It was, of course, rather dangerous to p 
down electric motors without knowing the exact character of the wor 
manship, as endless trouble would result from carelessly made elect! 
installations, but if the motors were well made, well designed, honesi 
turned out and worked within their capacity, from what he saw he \^ 
perfectly convinced they would run year after year without the slight* 
possible trouble, and he was confident from what the President had tc 
them that the North-East Coast engineers and shipbuilders would n 
be long in analysing the power question at their own works, and availi' 
themselves of the undoubted advantages of electric driving. 

Mr. G. W. SiVEWRiGHT said he had not had the pleasure of hearing -^ 
address read, but he was pleased to think that a paper of this descript^ 
had created such an interesting discussion. He quite admitted that 
driving of machinery by electric motors was a step in the right direct!^ 
but at the same time he thought there was far too much stress laid u,^ 
the savings in connection with electric motors, as really the gre^-^ 
saving wiis due to the use of high-pressed steam and the compound surf^ 
condensing engine. The dynamo motors are only another method 
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ttonsnittixig power instead of pulleys, shafting, or rope driving. He 
Xookedlor-^v-ard to a considerable saving in connection with this system in 

\mg «h\e to concentrate all the engines, boilers, dynamos, etc., into 

oTift ceatral machine station. 

^- T. Westgabth — ^May those who have spoken and had their 
"f^!^^^ referred to speak again ? 

Mr. FoTHERGiLL — Not unless in explanation. 

tt*. Westgabth said he wished to explain, in reference to what had 
'^^ii said by Mr. Mountain, that the engines designed were barely built 
when it was resolved to use electric means, and to use the power it 
"^^*DJfi necessary to use the large fly-wheel for the dynamo. 

Jfr. Geo. Walker (London) had had an opportunity during the 
^'^'^ of going to the Continent and seeing the works referred to by 
^ fpesident, and of examining all the motors there in use and under 
ion. He was very much struck with the cleanliness of the shops 

tke small amount of attention necessary wherever electrical motors 
^^ employed. Since then he had been to the works of Messrs. Dorman, 
^^» & Co., and also of the Bedson Wire Company, and found that an 
^^onnous amount of labour was being saved, in addition to a large 
^Domy in fiiel. It had appeared to him since, in regard to electrical 
Motive power, that great as the economy was in the marine engine, they 
^ht still further improve this by the use of electrical motors on board 
*^P> especially with regard to the winches, donkey engines, reversing 
^ turning gears, ash hoists, etc. It struck him also in regard to the 
^ engine pumps that there was an enormous amount of unnecessary 
Action produced which, by the application of electrical power, could be 
^^derably minimised. They had, for instance, two bilge pumps going 
^ the day long, where one could, in twenty minutes out of every hour, do 
'"^Ae work required. This was simply adding friction to the machinery. 
"^ would therefore advocate that all the pumps should be driven by 
^terical motors. By these means, he thought, the marine engine could 
^ exceedingly simplified and the friction considerably reduced. He did 
^ know there were any works yet which had taken this matter seriously 
^ hand, or devised means of bringing this result about ; but he had no 
^oubt it would not be long now before the attention of the engineering 
°^ on the North-East Coast and the country would be turned more and 

^^I^ XI.-18D4. 4 
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more to electrical power, as had been done, for instance, in colliery work, 
where the consumption of fuel per indicated horse-power in several 
iustiiuces had been very considerably reduced. 

Mr. Robert Thoio^son (Past-President) said that it occurred to him 
during the course of the discussion that most of the speakers had treated 
the question as one between steam power and electricity. Where steam 
power was used on a single machine it might be, as Mr. Adamson stated, 
a steam waster. He thought the electrical engineers ought to know that 
there were works where considerable attention had been given to this 
matter with economical results. It was ten years since his firm did 
a\vay with every separate steam-engine machine in their works and took 
to driving the machinery from one shaft ; they also laid down an ex- 
tensive hydraulic plant* The Institution should have dl the facts before 
them, both in lesraid to direct steam driven tools and machines driven 
from a shafts His firm found an immense saving by the latter method as 
com{iarcd with direct steam power. Having an artesian well of their 
own, hydmulic power proved vary cheap to them. When tiiey were aU 
getting bitten by electricity it was indl that engineers diould know of 
tlie possibility of economical fn»k otherwise than by eith^ electricity 
or steam. The breakages in winter, e^!«cially with their pondiing 
machines^ nsed to cost his firm £M0 or £;B00 a^ftoar, but by the adoption 
of islwift driving this krg^ amoQnt was sai^ lliese were points t^e 
Institution should know* so that in wmking a comparison of saving 
Wtwix^ ekvirio driving: and direct sieam poorer they shcnild consider 
driving fT\%m a shafts wh^^Tv the los? was verv small and the economv 
CTWiis as <\Mn|\a3\\i with a ^"parau^ ruciije on < very maciiine, 

Mr. 0, Akxt^>x\ J»n^ said a rt-iaai^ bad been made abcrat electrical 
a^Njvliaixx^ Wmg titJ^ed to wiijches <m Ktani ^ip. He wished to mention 
xhM MtxssT^ Wil^>Ti, of Hiill, wti^e f tdnc Cikxtcrica] j^wsq- to their steam 
x^ ino^x^ on one <^ their sihip? as an experixneia^ <« as to save the cost of a 

TV t^^l\^x!^^i^1c ^vMi^.Tiir^'niv^.iv^Ti w^ T^xivftd fram lir, R. H. Tweddell 
orj the s;'jb'^<v*4 : — 

To ihi^ ScvroJA^TT Xi*ci^-"Rasi t\"*asj liisiimxjoTi of Enxrineerg 

S^K — 1 ATii p^Ttw^TJtA^ at i^f lasi inonKint fitan bang present at the 
.^i<».^iT!^ior. or. ihc $k\y>v(\ an^i v^m^^ ro a?^ y.ic t-o Ifiy beiope ti^ meecin^ 
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the following remarks :— When in 1871* I gave my views on the 
economy to be effected by driving machine tools by hydraulic pressure 
haying one prime mover, electrical transmission in its present sense was 
unhown— but as the same arguments apply to both systems of trans- 
mission, viz., water or electricity — I welcome such a paper as Mr. 
Richardson's— for when the " users " of machinery so speak — progress is 
much qnicker than when the " seller " does so. In the letter referred to 
is the following passage : — "When we look round (in 1871) our large 
shipbuilding yards we find their areas measured by acres, and the distances 
oTer which the power given out by the engines has to be transmitted 
can be measured in a similar ratio. Such being the case, the transmission 
of power by shafting becomes both cumbrous and expensive, and this can 
only be partially remedied by having the engine power divided and placed 
at different points, involving greatly increased expenditure of capital, 
eifara labour, fuel, rooms, stores, and insui-ance." 
Mr. Richardson's remarks fully confirms this. 

In this same letter I find I conclude : — " If the system (hydraulic) is 
to be adopted at all, we must take a broad view of it and start from the 
commencement, by laying out yards or works as if we were surveying a 
town for gas or water supply, and put the pipes down by the sides of the 
vessels, boilers, or bridges, and from them branch out the smaller arteries 
wheiewith to feed the individual machines, which will then do the work 
required and no more." 

Vith twenty-five years' experience since I first gave these views to the 
public I could say no more, nor do I see anything to retract. It is, doubtless, 
because of the somewhat limited range or number of machines which can 
be suitably worked by hydraulic pressure that this centralization of 
power— with its consequent economy — has not made greater progress ; 
but at one shipyard, fitted out with hydraulic machines for rivetting, 
bending, shearing, and punching capstans, etc., 20 horse-power is only 
required instead of 80 horse-power had shafting been employed. 

Any remarks on the economy due to hydraulic transmission (and I 

gave some of my reasons for believing it to be so in a paper before our 

lustitntfon, read at Sunderland in 1885-6) apply with equal force to 

electrical transmission. As the laws affecting both systems are almost 

jJentical, the question resolves itself into a matter of suitability for 

certain tasks, and as hydraulic pressure is suitable for intermittent work 

or for rectilinear motions and not so suitable for rotary motions, it follows 

that a combination of the two systems — each with equal economical 

• See letter from R. H. TweddeU to EngineeriTig^ Sept. 2l8t, 1871. 
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advantages and worked from one economical prime mover— is exa 
what is wanted; and if Mr. Bichardson's address gives this matt< 
fresh impetus, it will be a matter of congratulation to all concemec 
keeping trade in the country. 

It does not, of course, follow that there are many cases where a c 
sumption of 86 tons of coal per day can be reduced to 18 by the n 
change from steam to electricity, and a little more information as to 
class of engine replaced would be interesting. — Yours fiuthfully, 

B. H. TWEDDELL. 

The Pbbsidekt (the discussion having concluded) observed tha 
was very gratifying to him to find that his address had proved oi 
much interest to the members of the Institution. He thought when 
took the chair that evening no reply would be necessary from him, 
speakers generally having merely amplified or corroborated his stateme 
but after the remarks of Mr. Mountain, who had questioned some of 
statements, the import of which he had not been able quite to catch 
should like, with their leave, to retain the privily of saying a few wc 
at their next meeting, and content himself now with thanking 
members in general for the very kind reception they had given to 
subject of his address, and in particular to those members who had 
kindly taken part in the discussion, and added so materially to 
value and interest of his address. 



THE CONGRATULATION FEOM THE HAETLEPOOLS 

TO THE PRESIDENT. 

Mr. J. R. FOTHEBGILL (Vice-President) rose, and said before t 
proceeded to the next paper he had a very pleasing function to perfo 
This being the first occasion on which Mr. Richardson had taken 
chair as President at a Hartlepools meeting, he b^ged to take 
opportunity of proposing that "The hearty congratulations of 
Hartlepools members of this Institution be accorded Mr. Richarc 
on his election to the presidential chair of the Institution.'' 
was neeiUess to say they were gratified and pleased to see one 
their townsmen so hononnxl. He si\id ** honoured " advisedly, for 
not the Institution recx>gnised as one of the principal Institution) 
this country ? Its p:>per8 and the discussions were frequently refei 
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tft, ana considered of the greatest value as giving the practical views of 

^Die of the best experienced men of the North-East Coast, which he need 

,*^^^ly aaj were second to none in the country. They recognised that 

^ * ^ Presidents they had had able men at the helm, and to successfully 

°llow in their wake required no mean ability in conducting the duties of 

^^ presidential chair — duties which entailed greater responsibilities 

^^er than presiding at these meetings. Knowing how ably and success- 

^QUj he had conducted the large works over which he (the President) 

pJ^eaided, and knowing how thoroughly interested he was in all that 

appertains to the science and practice of marine engineering and ship- 

*>tulding, they believed that in him they had a President who would do his 

utmost not only to maintain but add to the reputation and success of the 

Institution, and he did not hesitate to predict that at the end of his term 

^f office they would be able to congratulate him on having filled the chair 

^th Bttccess. He therefore begged to propose that " The hearty con- 

S^^'^tnlations of the Hartlepools members of this Institution be accorded 

*** Mr. Bichardson on his election to the presidential chair of the 

I^^ution." 

Ifr. Chbistopher Furness, M.P., said that as a member of the 

*^tution, and hearing of the intended meeting that night, he, being 

, ^^ anxious for knowledge and information, felt a desire to be with 

^^- He, however, must apologise to them for this being his first 

^^^a^anoe. Well, if the Institution was of only very recent origin, it 

w^^d be a satisfaction to them to learn from him that its influence was 

r^^^bly much greater than many of them were conscious of. He had 

jr^ ^ of its influence and good work in various parts of the country, 

^l^^^oolarly in London, and it had always been gratifying to him to learn 

^^ ^ influential that Institution was becoming. Now, he had ventured, 

^, ^^ was with them that night, to trespass a moment or two on their 

j^Jj^^ to second the resolution which had been so ably proposed, con- 

^^^^Ulating Mr. Richardson upon his presidency. He was glad to learn 

^^^ Mr. Richardson, who was the head of an old and long established 

^^ vctj excellent firm of world-wide reputation, had been elected as the 

tK^ President from the Hartlepools. He (Mr. Furness) did not think 

^^y could have made a better selection, and he was glad to be present on 

^^ &8t occasion he had presided there. He had no doubt that when his 

^^t of office expired they would feel they had done right in electing him. 

^^ (Mr. Furness) was not an engineer, he was not a shipbuilder, he was 

^miuercial man, and he learned that there was a great deal of 
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^^ ^ft most interesting features in Mr. Adamson's convincing speech 
^ the fact that these improvements in electrical-power-use which 

^^re brought to their notice had been evolved from the brains of those 

^ho had been technically instructed. Mr. Eichardson was one who in 
*'^t town had endeavoured to bring this matter to the front. Before he 
^^^plefced his term of oflOice he hoped they should be able to sit in a room, 
^ot vitiated as that one now was, in their new technical schools. He was 
^^ir«e they would be delighted that that should be so, and, further, that the 
^'^tsof their modem civilization should be brought down to the homes 
^* all sections of the community by the right use of that technical instruc- 
*^oii, of which their competitors abroad had been in possession so long. 
^^ had much pleasure in adding his congratulations to those put forward 

y Ifr. Fothergill and their borough member. 

Mr. Fothergill put the resolution to the meeting, and it was carried 
^ ^lamation. 

The President, replying, remarked that he was rather taken by 

^"^^tise by the very unexpected vote of congratulation which had been 

5"^oved by Mr. Fothergill and supported by Mr. Furness and Mr. Baines 

^^ 8nch kind and flattering terms on behalf of the members of the 

^^Btitution in the Hartlepools. He could assure them that he felt their 

^dneas very much, and desired heartily to thank them for their good 

^^hes. A great honour had been conferred upon him by his election as 

tieir President, an honour might he not with justice say that had been 

^^^^^iderably increased from the fact that he had been selected to fill this 

^^^portant office from amongst the many able members of the Institution 

^^^^^iding in the Hartlepools, their Council having in the first place decided 

^at it would be desirable to have a President from the Hartlepools to 

^^e prominence as it were to the scope of the Institution, and also to 

^^'W that they appreciated the valuable support the Institution received 

^m them, and the practical interest they took in its welfare. They had 

^^rd their late President remark from the chair that he never had greater 

Pteasure in attending any meetings of the Institution than the meetings 

^ Hartlepool, and he should at all times, and to the best of his ability, 

^^eavour, not only to maintain this good feeling, but in no way spare 

^8elf where the interests of the Institution were at stake, and that he 

^^d be amply repaid for any labour that was attached to the office by 

^Valuable experience he would gain, a foretaste of which he had already 

^^^^ ; and, further, he expressed a hope that the wide influence of the 
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Institution, which Mr. Furness had so flatteringly borne testimony to, 
would be still further extended. Mr. Furness had twitted them and also 
expressed surprise that whilst they were supplying their customers with 
such economical machinery, they should themselves be running their own 
so extravagantly. Mr. Adamson gave a very fair reason for this when he 
referred to what might be accomplished by a process of squeezing. The 
fact might well be, that being so obligingly busy responding to the 
squeezing of Mr. Furness and his friends, they had little time to devote 
to the modernizing of their own plant ; but now this squeezing process 
had become so severe in the prices offered for their work, they were com- 
pelled to look round and see where the smallest saving in cost could be 
found. He might remind Mr. Furness and his commercial friends that 
they had not got the present excellent results all at once, but that during 
the last twenty years the advance in engineering science had enabled 
them to surprise them, more than once, and compelled them to modernize 
the machinery in their ships, and it might possibly happen in the future 
that they might have the pleasure of surprising them again. He, like Mr. 
Baines, was very glad that Mr. Adamson, who had so much helped the 
discussion by the interesting facts he had brought to their notice, and had 
laid such stress upon the importance of technical education — in the 
development of which he (the speaker) took a great interest. They had 
had their ardour rather damped lately on the other side of the water, as 
they were aware, but he hoped that they would, in a short time, see the 
error of their ways and follow the example of the (might he say) more 
enlightened inhabitants on this side in West Hartlepool. He thanked 
them heartily for their congratulations. 
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A BEIEP OUTLINE OP THE THEORY OP THE ROLLING 

OF SHIPS. 



By ANDREW YOUNG. 



[Bba.x> bbfohe thb Institution in Wbst Habtlbpool, on Noybmbbb 

17th, 1894.] 



UoTE. — This paper was read before the Graduate Section of the 
Xnstittitioi) during the session 1892-8, and, at the request of some 
ineinbc^ of Council, is now re-delivered after revision and slight modi- 
^cat^i^ with the object of affording an opportunity for discussing matters 
genially connected with the rolling of ships. It does not contain any 
original matter but is merely a brief resumi of the investigations 
frhich have already been made in this branch of the science of naval 
aichitedture during the past thirty years. 



The complete discussion of the transverse rolling motions of a ship as 
elalwrated by Froude, Rankine, Bertin, and others, is of such an intricate 
and abstruBe nature that the details can be mastered only after a some- 
what extended course of mathematical study ; so that on this account the 
work and conclusions arrived at by these writers — some of which are of 
consideTable practical importance — are apt to be overlooked or undervalued 
by those who may not possess the knowledge requisite for their thorough 
appreciation. 

The writer therefore considered that an instructive paper might be 
framed by collecting the principal of these results, briefly sketching out 
(avoiding mathematics as much as .possible) the reasoning and assumptions 
on which they are based ; and so enable some, perhaps, who may not 
hBve given much attention to the subject, to obtain a clearer knowledge 
of the forces which govern a ship's motion in a sea-way. 

At the very outset it may be urged that owing to the peculiarity of a 

ship's form, the confusion of the surrounding elements — the turmoil of the 

sea and fury of the hurricanes which she frequently encounters, it is 

quite absurd to attempt any investigation which proposes to determine her 

behaviour under such wild and uncertain circumstances. 
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^^ enquiry by the previous consideration of simpler and more ideal cases, 
^'Wch of themselves will yield instructive results. 

Accordingly, the paper will be divided into four stages, and in the 

^^^t will be discussed the oscillations of a vessel floating in a perfect non- 

^"'^^ifiting fluid which is at rest, the initial disturbing cause being supposed 

^'^ bave been removed. This, of course, is a very ideal case, yet worthy 

oonsideration. 

The swaying to and fro of the ship naturally suggests com- 

n with a pendulum, and, indeed, some of the early investigators 

tamed their attention to this matter carried the analogy too far, 

i^naBmuch as they assumed the metacentre to be the fixed point about 

'^'Ixich she oscillates, corresponding to the centre of suspension in the 

X^endulom, whereas .that point (M in Fig. 1, Plate VIII.) is really in 

^^aotion. 

There is no fixed point or axis, unless in exceptional cases, about 

'^Wch the vessel turns, or from which we may consider her suspended ; 

"'It there is an axis about which she momentarily rotates and which is 

^ofc stationary. The construction for this axis, first given by Canon 

Moseley,* is shown on Fig. 1, Plate VIII. F F^ is part of the curve of 

^^^ion, Le.j a section of the surface enveloping the various water- 

P^^nea which cut off a constant displacement as the vessel oscillates. 

'^^^'^e the ship to be non-existent for a moment, and this surface 

^^ed and rolling on the level water-plane W L without friction ; then 

^ ^ about which the ship rotates will be the same as the axis of rotation 

^^8 solid whose centre of gravity is supposed to remain at G, i.e., the 

^. ^^ of gravity of the ship, and may be found by drawing perpen- 

^^Hrs to the instantaneous path of any two determinable points. The 

^^ ^t of contact F moves or slips along the plane, and thus rotates about 

w ^^ point in the vertical line F ; moreover, the centre of gravity G 

^ ^^ in a vertical line, for the forces which act on the ship are wholly 

*^cal, having no horizontal component after the cessation of the forces 

j^^^cing rotation, so that the axis about which G revolves will be found 

.^^/'iie horizontal line G 0. The intersection of these two lines gives the 

vt ^^t which is the trace of the axis round which the ship is turning at 

^ ^ I^rticular instant under consideration ; hence the term "instantaneous 

^ow, this axis obviously changes its position as the vessel rolls, and 

, ^ locus cannot usually be mathematically defined ; but limiting the 

^^igation to an excursion of 10 degs. or 12 degs. on either side of the 

* Vide Philosophical Tninsactions, 1850. 
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vertical, it will not be very erroneous to say that does not move far 
from 6, t>., the rotation takes place aboat a longitadinal axis passing 
through the centre of gravity. The correctness of this assumption 
receives some verification from the experiments of two French investi- 
gators, MM. Risbec and De Benaz6, who rolled a small steamer in a dock, 
partly with the object of determining the axis about which she oscillated, 
and found it to be somewhat above, though not very far from the centre 
of gravity, its position varying, however, with the stowage and other 
circumstances. 

But even this axis through the centre of gravity is not fixed in space, 
although fixed relatively to the ship ; nevertheless, by a well-known 
dynamical principle, the angular motion of the vessel may be investigated 
by neglecting the translation of the centre of gravity, and considering 
only the effect of the forces causing rotation. 

The mathematical expression of the principle by which all angulai 

motion may be analysed is 

, 1 i.- d^O moment of forces about axis 
angular acceleration =-3-5 = —-^. — — , — ^^ — - — ^• 

ar moment of inertia about axis 

In the particular case of the ship oscillating in a perfect fluid, tlm 

impressed forces consist simply of the effort of the ship to right hersel^ 

and is equal to W x GZ (i.e., displacement or weight of vessel x rightira 

lever), which equals W x 6M sin or W x GM0 simply when d is small! 

and the moment of inertia may be written , k being the radius * 

gyration. These substitutions being made and the equation solved, fcl 
result may be written — 

d = acosct -] — sin cL 

c 

in which u is angular velocity when t = o, a = angle of deviation whec 
^ = 0, C is a constant = j r--.. This equation gives the angle 0, 

inclination at time t, enabling the motion to be graphically mapped oufl 
when the initial circumstances are given ; and from it may be further 
deduced the time which elapses during a single roll, say from port to 

— , m being the metacentric height. 

From this it is easily observed that if it be desired to increase th( 
duration of a single roll, i.e., the half period (the whole period being th( 
duration of a double roll), or iu other words make her angular motioi 
slower, which is often advisable as will be brought out in the case of rollini 
amongst waves, two courses are open, 1st, increase the numerator of th( 
fraction, i.e., the radius of gyration ; 2nd, decrease the denominator, ?>. 
the metacentric height. 
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Now, it is not always possible to decrease the metacentric height ; 

in fact this may not be done beyond a certain limit, or the stability 

o! the ship wonld be endangered ; but at the same time there are many 

occauoDs on which it wonld be quite a justifiable and beneficial step 

to taike, as in the case of the ships laden with ore previously mentioned, 

wbere &M was reduced by raising the centre of gravity of the cargo. 

On tile other hand, the moment of inertia may be increased by moving 

Wvy weights away from the axis of rotation, i.e., the axis through the 

^tre of gravity, a process known as ** winging out " the weights, the 

^option of which policy has often been attended with success, though 

ite application should be considered in conjunction with the resistance 

^^ water, which, will be referred to in the sequel. 

^ a new ship, in order to ascertain the probable period of roll (the 

•^«Bge value of which undoubtedly has some effect on her life), it would be 

^*^ to perform the rather laborious operation of calculating the 

^''^^t of inertia from the drawings, and likewise estimate the effect of 

/^iice, which, however, can only be obtained experimentally, so that 

^ ^€8igner is compelled to fall back on the results of experiments with 

^^Na similar in form to the proposed one, and make the necessary correc- 

I ^ entailed by an altered disposition of armour, machinery, cargo, etc. 

^y be here observed that as the axis passes through the centre of 

^%, the moment of inertia is consequently a minimum, and has thus 

^ "een overstated in the formula for the period, the error being on the 

p^ ^"Mie writer does not see that it is yet possible to fix precisely what 
,^ ^ a ship should have for a proposed voyage, as it must be considered 
^^ ^^ ^eference to that of the waves she is likely to meet, so that the only 
j^^^^ appears to be the reputed, or better, the recorded average good 
^^Vionr of a somewhat similar ship, to whose period that of the new 



^^y be proportioned. 

Q lu the second stage, still adhering to the assumption of a perfect 

i^^ ^ of unlimited depth, we introduce the complication of waves which 

P^ ^ ^ definite geometrical profile and uniform period of passage. This 

'jx ^^na has been attacked by such eminent mathematicians as Euler, 

^ * ^mouilli, and others ; but their theories, unquestionably very 

Anions though sometimes yielding erroneous results, have been 

^^x^ly set aside with all others in favour of that worked out by the 

^ ^r. WilUam Fronde, which the writer will now attempt to sketch. 

4 brief explanation may be here necessary, for it may be considered 
^ great a liberty to make the assumption of such regular waves with 
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definite profile which the ordinary appearance of a storm-lashed sea hard 
warrants ; yet it is not wholly without justification when we know th 
observation demonstrates the existence of series of waves travelling onwar 
with nearly perfect uniformity of shape and regularity of period, and f r« 
which most danger is to be apprehended just on account of this ve 
regularity. More especially is this the case with what is called a " sweli 
a common phenomenon which may exist without apparent reason, bi 
which is generally the effect of a distant storm, and often proves vei 
efficient, though quite low, in generating heavy rolling even in large shi] 
with great inertia. 

Further, complex seas are often the result of the interseetioi 
of two or more simple wave systems, whose effect on the ship may 1 
studied separately and combined, as will be seen later ; and as for the snu 
local undulations raised by the wind on the slopes of the principal wav( 
their effect may be regarded as of comparatively little moment, and just 
likely to succour the vessel as add to the danger. Moreover, it is foui 
that when properly measured the relation between the period and tl 
length of typical ocean waves agrees fairly well with what theory pr 
scribes. From these considerations it may be concluded that tl 
assumption of theoretically defined waves is neither unjustifiable n 
arbitraiy. 

This theory has for its fundamental proposition that the particles 
water do not possess the swift translatory motion of the wave pro: 
itself, but move up and down, backwards and forwards ; in feet, revo 
in circular orbits about horizontal axes, as shown in Fig. 1, Plate L_ 
each particle being slightly in orbital advance of its predecessor, and bi 
the wave travels onwards swiftly, although the particles composing 
perform only a limited excursion. This is obvious to everyone c 
considering the motion of a small piece of wood floating on a wave. 

A deduction from the theory is that the surface of the wave is of sue 
a shape that a vertical section in the direction of motion would presec 
the form of a trochoid — the curve traced out by a point having simul 
taneous uniform linear and circular motion. Each sub-surface stratui 
which \N*as originally horizontal becomes distorted into a simila 
trochoidal shape, the orbit of the particles decreasing in diameter wit 
the depth ; diminishing, in fact, in geometrical progression, as was show 
by Prof. Raukine. The columns of water originally vertical are no 
found to l)e bent towards the crest, and as the waves pass on these sw£ 
to and fro, suirgesting the undulations which are observed to sweep or 
a cornfield imder the action of the wind. 
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Tte particles of water must necessarily conform to the centrifugal 

-ion dne to their rotary motion, and at the same time are subject to 

*=^« all-pervading force of gravity, and also surface pressure, whence it 

^y be readily inferred that the behaviour of any small floating body is 

'verned by the same forces — ^the friction of the water being left out of 

^■^^^^nut, as already premised. The resultant of the centrifugal force and 

^^^ of gravity may be proved to be normal to the wave slope both by 

*^«oiy and a simple experiment devised by Mr. Froude. He made a 

^ ^tUle annular float of cork, on which a pendulum was suspended from an 

*^*^oiined mast, and observed that when placed on waves the bob preserved 

^ <^ntral position, indicating that the pendulum is urged to take up a 

liion normal to the wave slope, even in an extreme case when the 

curl over at the crest. And so with the ship, the general tendency 

for the masts to assume a perpendicular position to the wave slope at 

^^ch instant, or more correctly to the mean or effective wave slope, as it 

^ called, for the slope of the sub-surface layers alters with the depth, but 

the error is on the side of safety by taking the slope at the surface. 

It has been objected that this reasoning, although true as regards a 

surface particle, may not be applicable to a ship which penetrates some 

T^^ce mto the water, and destroys to some extent the wave formation 

^ *ier vicinity. Let us, however, neglect this, noting that the objection 

^ 1«« weight the larger the wave compared with the ship. 

I^erhape the chief diflOiculty to be overcome is the taking account of 

. pPefisures on the hull, which vary from point to point both in inten- 

^ ^d direction. Let the ship be supposed to be removed for a 

^ent; then the forces which reacted upon her hull must be counter- 

/^^iced by and may be measured by those which act on the mass of fluid 

^ fills the void caused by the removal of the ship. These forces, as 

^ ^ve seen, are centrifugal and gravity, and which may be considered 

I ^^ at the centre of gravity of that mass of fluid, i.e., the centre of 

jj^Jancy marked B in the diagram, the resultant of the two acting 

^ ^^ along B V, normal to the effective wave slope. Now, the centre 

j£^ ^vity 6 of the ship herself practically revolves in a circle of 

fr^N. ^^^^ equal to that in which B revolves (not being very far away 

^^^ B) ; and thus at G there are two forces equal and parallel to those 

*,/^^liactat B, but dissimilar in direction, the resultant of which G W 

, ^*^ with B V a righting couple, whose arm is G Z, tending to place the 

^ normal to the wave. 
^. % introducing the value of this couple expressed in terms of the 
^^^Qaions of ship and wave inclination and period into the numerator of 
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the fundamental dynamical eqaation and solving the resalt (approximations 
being made, however to render the equation integrable), we obtain the 
following expression giving the inclination of the ship at the time t : — 

= -—^ f , vt T . ^A , Tct wT . irt 

1 — T2 ^sm^ — ^sm^j + ocos^ + — sm^, 

in which Q = angle of deviation of masts from upright = maximum 
slope of wave, T = ^ period of ship, Ti = ^ period of wave, ».e., half the 
time which elapses during the passage of two successive wave crests past 
a given point, and t denotes the time from the commencement of observa- 
tion. 

It will be noted that the second part of the right hand member is 
just what was obtained for a vessel rolling in still water, showing that the 
angle of inclination from the vertical at any instant may be considered as. 
compounded of two parts, one due to the waves, the other being th( 
angle at which she would be if oscillating in still water. Several 
interesting conclusions may be derived from this equation. Let it 
supposed that time is reckoned from a position at which the vessel ^ 
upright and angular velocity is zero, and that T = Ti, ».5., the period 4^^ 

the ship = period of wave : a critical case observed by those ea i~ 

writers already referred to, inasmuch as when the ship completes hernnziz: 
say from port to starboard, she is just in time to receive a fresh imp n 
from the wave, and thus rolling accumulates with the procession of 
waves ; just as in the case of an ordinary swing or a body of soldi 
crossing a bridge, the greatest effect is produced when fresh impulses 
added so as to synchronise with the natural or existing oscillations of ^ 



swing or bridge. It will be found, moreover, by a proper evaluation tb-' - 
the increment of roll per swing due to the wave effort is equal in amoa 
to about 1\ times the maximum wave slope ; e.^., if the wave slope 
9 degs., the increment of roll will be about 14 degs. Thus, after t 
passage of three such waves, the vessel would be on her beam ends were 
not for friction and the resistance of the sharp flat bow and stem. Th: 
is roughly depicted in Fig. 2, Plate IX. By way of confirmation, M: 
Froude generated waves in a trough of water of such a period as 
coincide with the natural still water period of little models of vario 
shapes, which on being placed in the trough were overturned or nearly 
after the passage of a few waves. Hence it may be reasonably conclud 
that it is dangerous for a ship to be rolling broadside on amongst wa 
whose period is the same as her own natural period in still water. 

Again, if it be supposed that the period of the ship be very sm 
compared with that of the waves, it may be proved that the angle 
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which the ship's masts make with the vertical, will be the same as the 

^^e between the vertical and wave normal, Le., the deck will be 

P^lel to the wave slope, as in the raft-shaped body marked R on 

\ 1, Plate IX. This behaviour might have been inferred from the 

Opposition, when we remember that the period of a ship is generally 

mrt when the metacentric height is great, as is the case in the broad 

^'^ow vessel. The motions of a ship like this will be very abrupt and 

^Pid, or, in other words, her angular velocity will be great when amongst 

^^ft steep waves, inducing a tendency to throw out the masts, and 

^^•herwiae setting up severe racking stresses. Such a vessel would no 

^^ubt keep a fairly dry deck when engaged with waves of a considerable 

®*^ but her " restlessness," if it may be so termed, due to her breadth 

^^d stability, would render her rather unsuitable as a steady gun plat- 

^^rta, provided her inertia be small. 

The converse case, in which the period of the ship is very long com- 

P^^i^ with that of the wave, practically assumes her to have very little 

^**ctacentric height and large moment of inertia, which may be secured 

^y Boaking her very narrow like the body marked 8, and distributing the 

^^ight wholly at the surface or shell, at the same time keeping her 

®^ble with as little metacentric height as possible. The equation then 

®now8 that she would remain practically upright ^, but such a ship as 

**W8 la hardly admissible in practice, besides the result is modified by 

''^sistanoe. 

These special cases indicate what would ensue from the hypothesis 

^*^ at the first wave hollow the vessel is upright and has no angular 

^^locity ; but suppose she had an angular velocity, say towards the 

^vancing wave, betokening energy of rotation, which would just balance 

^ wave effort and place her upright on the crest, then the formula 

****^Difi8 a very simple shape, and shows that at each crest and hollow she 

^ould be upright — her period of roll (not the natural period in still 

^^r) being thus forced into concordance with the wave period— and she 

^^W attain her maximum inclination at about mid-height. 

'^e initial angular velocity required to produce such a phenomenon is 

TT^ H 1 



u = 



2Ti L J _ T2 



"^ing the height and L the half-length of the wave, and it may be 
^^ that the ratio of the mast deviation from the vertical to the wave 
onnal deviation is given by the simple expression : — 
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t = _1 ^ i3 mast deviation, 

1 "" rpa ^ is wave slope or wave nonnal deviation. 

Considering now the critical relative values of T and Ti as before, it 
is clear that if T = Ti then ^ is infinite, as was to be expected, and if 
T be > Ti, it can be shown that the vessel always rolls towards the wave 
crest, and away from the crest if T be < Tj and the nearer the periods 
approach equality the greater will be the amplitude of roll, for the 
denominator of the fraction becomes smaller, making ^ correspondingly 
large. Now the vessel is upright at the wave crest and hollow, and if 
the amplitude be large the angular velocity must be rapid in order to 
keep time with the wave of short and quick period. Under the circum- 
stances here supposed her performance will be identically repeated on 
each wave — upright at crest, maximum amplitude at about mid-height, 
and upright again at hollow, whereas in the previous case a complete 
phase will be attained when T and Tj are unequal, only after the passage 
of several waves. 

These general conclusions are confirmed by actual experience, the 
ships having a long period in still water on the average roll less rapidly 
and to a less extent amongst waves than those with a shorter period (and 
consequently should enjoy somewhat longer life), for there is greater 
exemption from synchronism with waves of comparatively short period, 
which are more prevalent than long ones. Moreover, short waves are, as 
a rule, steeper than long ones, and as the increment of roll which each 
co-periodic wave can impose on the ship depends on the maximum slope 
or steepness of the wave, it is evident that this also tells against the ship 
with the short period. Hence it is generally desirable to increase the 
natural period of a ship in still water as much as possible by the methods 
previously pointed out. 

Up to this point the resistance of the water has been left out of 
account, the general effect of wliich is to retard the angular velocity 
when rolling in still water, and cause the oscillations to gradually die out. 
If we could formulate the law of resistance, i.e., express definitely its 
retarding moment at each instant in terms of angular velocity and 
dimensions of ship, then its value could be introduced into the numerator 
of the expression for the angular acceleration, which could thus be 
correctly calculated, as also the period and amplitude of successive rolls 
just as in the case of unresisted rolling ; but the resistance cannot be dealt 
with so simply. Its value for a particular ship can be reckoned in terms 
of angular velocity, etc., only after certain coefficients are deduced from 
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an experiment with a model or similar ship, and in order to possess this 
data we must deduce by experiment from ships already built the value of 
the resistance as measured by the rate of extinction of oscillation, thus 
creating a storehouse of information useful in predicting the behaviour of 
somewhat similar ships, both in still water and in a sea-way, so that this, 
the third section of the paper, is devoted to the modes of examining and 
recording the effects of resistance. 

Mr. Proude has pointed out that water offers resistance to angular 

motion m three distinct ways. 1st, by friction against the hull ; 2nd, 

by direct or keel resistance, experienced by the sharp flat ends of the 

vessel, bilge keels, and the like ; 8rd, waves are formed at the surface of 

the water, caused by the bodily motions of the ship herself, and which are 

found to absorb most of the energy of rotation lost by her. According 

to calculations made by him in connection with rolling experiments 

conducted on various warships, he found that the moment of resistance 

daetothetwo first causes combined could not account for more than 

20 per cent, on the average of the energy which the ship lost per roll. 

^e remainder he attributed to wave-making, which view he strengthened 

^y general reasoning, and which is doubtless correct, when we consider 

™ in some cases a wave only 1| inches high and 320 feet long would 

^^ the remaining 80 per cent, for its creation. Such a surface 

Qisfcnrbance at an experiment would easily escape detection. 

With a view, then, to obtaining the period and a measure of the 
'^^ forces the vessel is forcibly inclined to say 10 degs. or 12 degs., 
^nu then allowed to oscillate freely. In a large heavy vessel this is 
^^plished by causing a body of men to run across the deck from side 
^% timing their motions so that they are always running uphill, so to 
^^ thus augmenting the righting moment and consequently the angle 
^^1 until it is sufficiently large. 
*ie angle of inclination at each instant is automatically recorded on 
''^^elling sheet of paper, on which time is also marked by a clock, the 
^ being the somewhat harmonic figure (Fig. 1, Plate X.) in which 
^^ represent time and ordinates the angle of inclination. Each 
^^nm value of the ordinate gives an extreme inclination, and is less 
^ fte one preceding it, the difference representing the loss of angle or 
^ due to resistance. A curve drawn through the extremities of these 
.^tesis termed a curve of extinction, and is usually reconstructed as 
% 2, with a base line representing the number of rolls performed 
^^ the commencement of the experiment, the ordinate being the 
^Pntude of successive extreme rolls. As a general rule, it is found that 
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the Interval of time between suc5ee8sive maximum values — which is the 

jKjriod — is practically the same throughout, showing that ships are 

iHochroiious, even when resisted, for at least small angles of roll. 

Attempts have not been wanting to establish the law connecting the 

roHistance with the angular velocity. Some have assumed it to vary as 

dd 
the velocity simply, i.e., R a ^, but, were this so, it may be shown 

inuthematically that the loss of range per roll (practically a measure of 
tlio tangent to the extinction curve) would be proportional to the angle 
or ordinate at which it is measured, i.e., the curve should be logarithmic ; 
but this docs not harmonize with the facts of experience. Eminent 

Fnuicli authorities state that it may be written E a ( ^ ) » but it may 

1h' dcnionstratod, as in the previous case, that, if this law obtained, the 
oxt inot ion curve should be hyperbolic ; which result again does not pro- 
|H>rly n^prw^ont the curves derived from actual experiments. 

^f r, Fn)udo, however, has shown both theoretically and experimentally 

that it may bo more fairly expressed as ^=^(^) + ^V;^) > *•*•» 

tho momont of resistance at each instant varies as the first and second 
jH>\wr8 of tho angular velocity ; the first term representing the portion due 
to \v^u*i^m»vking, tlio second that due to skin and keel resistance. From 
{\m may W doiluctxl what is practically the equation to the curve of 
oxtinotiou* vii^ that tlio loss of range per roll A p = e ^ + ^ ^, the 
iHH^rtUnoi\tii «' and <i Ivinir dorivovl from the curve, and from which a and b 
\\\i\y Iv jiul^\^\ioi\tlY o^Uoubuovi : thus the result of the experiment can 
K> rvsh\\>\l to {^ wry ivni^vuvlious form. A collection of these constants 
for ?5^^\vri^l !^hi}v< of d::To!\n\: tyiv$ would furnish information by which 
tho n^jii!^sU\vX" of *,unv ^h:i\!i r.i.-^y K* es:::uAtevi and included in the more 
A>\u\\lo\ vN'^l.^u'.-^tion for t^'io :in^'o in a a^-w^v :o W described presently. 
lt\ howvwr, tlr.s ir,fv>r.r«A:\>n K* aetsirvvi for an absolutely new type of 
sV,,\\ ,'^ r,^vu\ ra^-^v V vvr.^r,^v^:<\l, >K\:rf:t<*a so as lo have her radius of 
>:>\^iiov, \vAnvf,\ ^^:\^xv^r« :o:x\: u^ :>.*: of :be a«aa2 ship, and the extinc- 
; ov. o\;v\v ^^v«^xv. frvv.;: a :ArA cx'ivrlr.xn: :::r:::sh:ni: the means of 
o\xVv.rv< ;^^^ r,>5.s.\<.\v .vv^^^Ar.r:!^ TV ;crre so drftmri has been found 
V\ ^^^;\4' x\A^ , ,\v ;;^ .v^ ." s'^lvr .■yis«^ — ^to >e sdnilar to the extinc- 
i ^^r ,\rNv o: i^ .\vv,\\Av\; >>..v< <».' :>*a: ir, :i:> var i-i>rTML:ion naav b^ 
V-a,*, \ ^^^^ "i's, \', >\Y\\*.r. ;-^^ ilv Ti"^>cy*T).v^ j,>S!^ of ra;SiX-, j^riod, and 
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angle of roll in a sea-way, bo that it is desirable to increase the resistance 
as much as possible. For this purpose the simple plan of fitting bilge 
keels is often adopted, and these curves of extinction are useful in showing 
their effect, B.g,, if E in Fig. 2, Plate X., be the curve without bilge 
keels, P may represent it with keels of a certain breadth, and G with keels 
still broader, exhibiting at a glance their relative efficiency. It may be 
ttoted, however, that although their extinctive effect is very marked 
in 8till water, yet it is possible to make them too broad, and so form 
favourable catches for the action of the wave water by which the rolling 
niay be augmented instead of diminished. 

In heavy and comparatively slow-moving ships, with great inertia, it is 
clear that bilge keels will not have the same effect as in quicker moving 
^^% since the resistance they oflfer varies approximately as (velocity) ^ 
80 4at their adoption in vessels which are reputedly quick and heavy 
w>fe must prove beneficial. 

It was brought out in the cases of unresisted rolling that to extend 

^^ period by increasing the moment of inertia is wise policy ; but 

^ ^ hinted that there was a limit to its adoption which will now 

"^ explained. It is clear that increase of inertia, and consequently of 

^^ of rotation, renders the brake effort of the external resistance less 

efficient in modifying the amplitude of roll, so that between great inertia 

^ corresponding less effective resistance on the one hand, and small 

inertia with greater liability to synchronism with short co-periodic waves 

on the other, there must be some condition which is the most desirable 

jet is most difficult to decide upon exactly. But diminution of period is 

to be avoided as much as possible, so that increase of resistance by bilge 

keels or other means as a remedial measure should always be regarded 

with favour, checking as it does energy of rotation excited by the action 

of the waves, and thus enabling the period, lengthened by " winging 

<«^ ^ weights, to be preserved. 

Mention may be here made of an attempt in one or two vessels to 
extinguish rolling by the use of free water which is allowed to travel from 
ffloe .to side in an athwartship compartment specially constructed and set 
aside for the purpose. The effect of the water in the chamber is precisely 
opposite to that produced by the men who, in running up hill, augmented 
the oscillations by adding to the righting moment ; whereas water natur- 
ally tends to run down hill, and thus prevents rolling by partially 
neutralising the righting moment of the ship. 

In one of two interesting papers on the value of the rolling chamber 
SB fitted in H.M.S. " Inflexible," read before the Institution of Naval 
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Architects, Mr. Philip Watts remarks : " It will be probably near the 
truth to say that when the water chamber is about half -full the mean 
angle of roll will be reduced by 20 to 25 per cent, when the ship is rolling 
broadside on through moderate angles amongst waves of from 9*5 to 10 
seconds mean period." 

The discontinuance of this device seems to argue that it is practically 
a failure, owing, doubtless, to the uncertainty as to what quantity of water 
should be employed, which must be dependent on the ever-varying state 
of the sea ; moreover, the chamber occupies considerable space in the ship, 
at all times valuable, especially in war vessels. 

The fourth and final case, in which the vessel is supposed to be 
oscillating amongst ordinary sea waves of trochoidal form and regularity 
of period is somewhat complicated, the purpose of the enquiry being, as 
was pointed out at the opening, to predict the angle at which the vessel 
will be at each instant, and consequently the maximum angle attained, so 
as to find out if this exceeds the limit of safety. This limit might be 
stated as a fixed proportion of her angle of vanishing stability ; or at all 
events, in the case of a sailing vessel, be determined so as to provide 
sufficient stability beyond the calculated maximum angle, to resist the 
effect of a gust of wind which may suddenly strike her in such a disad- 
vantageous position. 

This maximum inclination may be roughly approximated to in a very 
simple manner, for the increment of roll which the wave whose period equals 
that of the ship would impose on her when rolling unresistedly, viz., about 
1^ times its maximum slope, will be neutralised or balanced at the extreme 
inclination by the effect of resistance, and thus equal the loss of range due 
to that cause, which may be obtained from the curve of extinction. To 
take an example, if a vessel be rolling amongst co-periodic waves ^ of, say, 
4 dogs, maximum slope, the increment of angle which the wave would 
impose in one roll would be 4 x 1^ = 6 degs. approximately, so that if 
the resistance constants c and d derived from the rolling experiment be 
•03 and '004, the loss of range at f° will be *03f -h '004(^2, and 
/. 6° = -OS?) + -004^ making ^, the maximum angle attained, about * 
25 degs. But this is an angle much beyond the limit below which the^^ 
metacentric method may be legitimately employed, i.^., reckoning, as h 
been done throughout, that the righting arm G Z equals GM6, erring o 
the wrong side, so that this result cannot be very accurate. There is ^ 
more correct method due to Mr. Froude, the elaboration of which formec^e 
|XThaps the crownin«i: effort to his labours in connection with this subjec 
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By its aid the whole motion of the ship may be traced out when rolling 
on any waves whatever, provided their effective slope, the resistance con- 
stants, and the actual stability curve be given. 

The whole diflBculty lies in the solution of the equation which arises 
when the moment of inertia, and moment of the effective forces, i.e., the 
righting couple as previously explained, and the moment of resistance are 
introduced into the fundamental dynamical expression for the angular 
acceleration. Mr. Fronde's method consists in effecting this solution 
graphically, eventually drawing a curve which gives the inclination of the 
ship at each point on the wave slope. The process is really one of trial 
and error. If tangents be drawn to an assumed curve of inclinations as 
dwwn in Pig. 2, Plate VIII., at successive points, the value of the tangent 
of the angle which they make with the abscissa will be a measure of the 
^i^r velocity at these points ; and if these values be plotted as the 
ordmates to a new curve the tangents to this curve will similarly give a 
^D^ssore of the angular acceleration ; moreover, the resistance may be 
calculated from the experimentally derived constants and assumed angular 
velocity, and the righting moment may be measured from the curve of 
^hility; thus we are in possession of a numeric and graphic representa- 
tion of all the elements occurring in the equation which must be satisfied 
^ ^ points, and if on trial at each point it be so satisfied when these 
^^eg are substituted, then the assumed curve of inclination is the correct 
^^ This is essentially what Mr. Fronde's method amounts to, although 
^ details are different ; the building up of all the forces into one, as 
^ by the ticked line on the diagram, and the checking process being 
^^ on step by step. 
^ graphical method enables the effect of all the forces acting 
^^ vessel to be taken into account provided they can be estimated, 
^, ^ the effort of the wind on the sails of a sailing ship, a case worked 
jw^. V Dr. White, the present Director of Naval Construction, in a com- 
Q^^^^ve and very instructive paper communicated to the Institution 

^^^al Architects in 1881. 

cjj^*ie writer believes that the results obtained by this method have been 

j^ ^ ^^^ actual observations of rolling at sea made by an oscillometer 

j^V^ by Mr. Fronde, with a view to obtaining an accurate automatic 

t^ ^ of the vessel's inclination. This instrument essentially consists of 

, Pendulums, one having a very long period, the other a very short 

• ^- The latter is a tube of brass filled with lead, the axis of suspen- 

Wig parallel to the axis of the tube, and has a period of only ^ of a 

^^ being thus extremely sensitive to the ever-varying direction of 



72 THE THEORY OF THE ROLLING OF SHIPS. 

the resultant force* acting on it, which, as we have seen, is normal to the 
wave slope. The former is constructed as a fly-wheel having great 
moment of inertia, its centre of gravity being slightly eccentric to the 
axis of suspension which is mounted on practically frictionless bearings, 
and consequently, being but little influenced by the motions of the ship, 
remains practically motionless. The automatic records of these pen- 
dulums are made on a travelling sheet of paper, suitably controlled by 
clockwork, by which time is also marked, and give the inclination of the 
ship's masts to the upright, the inclination of the wave normal, also the 
period of roll, from which data the graphical method may be checked. 

Another instrument, interesting on account of the principle involved, 
was invented by the late Prof. Piazzi Smythe for the same purpose of 
measuring the angle of roll. As is well known a heavy rimmed wheel 
rotating at a considerable velocity, tends to remain in the plane in which 
it was originally spun, when caused to deviate therefrom by some external 
force. In it a heavy wheel or gyrostat caused to revolve by a string or 
other means (say electric or hydraulic) round a vertical axis is centred on 
the circumference of a gymbal ring which has a pointer and which is 
pivoted on a second gymbal carried by the framework of the instrument, 
The framework, which is placed in a suitable position on deck, thus 
possesses the motions of the ship, whilst the axis about which the gyrostat 
revolves preserves an invariable position ; and the pointer on the firsfe 
gymbal indicates on a graduated arc supported by the second and' placed 
transversely in the ship the magnitude of the oscillation. The obvious 
disadvantage is that the plane of rotation relatively to the horizon is 
unknown unless it be sighted, so that only extreme rolls from side to side 
can be measured by this instrument. By the addition of another pointer 
and arc in a fore and aft direction, the longitudinal pitching may be 
observed simultaneously with the transverse oscillations. 

A mechanical means of modifying rolling has recently been designed 
by Mr. John Thorneycrof t, and was described by him in a paper read in 
1892 before the Institution of Naval Architects. In his apparatus a very 
sensitive pendulum, such as is used in Mr. Fronde's instrument, is placed 
near the centre of gravity of the vessel, and is thus almost instantaneously 
affected by the varying forces acting normally to the wave slope which 
cause the rolling of the ship. The motions of this pendulum are aided 
electrically in controlling the valve which regulates a hydraulic ram. 
This ram moves a weight from side to side of ship so as to balance or 
partially neutralise the wave effort, preventing accumulation of angular 

* It is this variation of force both in intensity and direction which is the chief 

cause of «05i-sickness. 
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velocity and conaequeiitly increase of roll, just as free water does in a 

rolling chamber when acting to most advantage, i.e.<, its motion is down- 

tiU. As fitted in a yacht of some 230 tons displacement, the ram was 

placed fore and aft in a horizontal position, and by means of a crank 

canaed a tank of water to revolve beneath the cabin floor about a vertical 

^is. According to the testimony of those who witnessed its operation, 

the rolling of the vessel was sometimes diminished by about 50 per cent. 

It may be noted that the same considerations and reasoning sketched 

^^t in this paper are applicable to the longitudinal oscillations or pitching 

Motions of a vessel, the point of difference, however, in the practical 

application of the results being that we generally seek to lessen trans- 

^^^ rolling by moving weights away from the centre of gravity, but if 

"^ course were adopted in a longitudinal sense, placing the weights at the 

^^ and stem, the vessel would have a very long longitudinal period, 

^^d Would thus be very slow in rising on the waves which would easily 

^h over her. 

The minor or secondary oscillations caused by the alternate immer- 

^^^ti and emersion of unsymmetrical wedges of buoyancy have not been 

^ferred to, the chief object of the paper being the presentation of a brief 

^^4 condensed account of the endeavours to graphically depict what Mr. 

^ude has called the " scenery " connected with the transverse rolling 

Dictions of a ship in a sea-way, compared with which these other motions 

^ of little importance. 

In conclusion, it must be confessed that although the period of the 

^ip in still water has a very great influence upon her behaviour in a 

^^way, yet it is seldom a determining factor in the design of an ordinary 

merchant vessel, save in limiting the breadth afler the minimum 

metacentric height has been secured when laden with homogeneous cargo. 

flence some may be disposed to consider the investigations in this subject 

as of comparatively little practical value, inasmuch as these do not enter 

into every-day oflBce work, and regard with suspicion results which are 

based so much upon speculation and assumptions which may appear too 

arbitrary. Nevertheless, it has been conceded by eminent critics who 

have objected to the validity of these assumptions, that the results arrived 

at are in the main correct, and the theory the best yet advanced, both as 

affording an explanation of the phenomena of rolling and a means of 

estimating a vessel's behaviour on a given series of waves, lliere can be 

no doubt whatever, from actual experience, that it indicates correctly the 

remedial measures to be adopted in lessening and easing the motions of a 

ship in a sea-way. 
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DISCUSSION. 

Mr. G. W. SiVEWRiGHT congratulated Mr. Young upon the very 
valuable paper he had written, and was pleased to note that the Reading 
Committee had so appreciated this Graduate's paper that they considered 
it of sufficient importance to read before the general meeting of members. 
He hoped that it would encourage Mr. Young to further investigation 
and that the Institution would have the benefit of his researches. Some 
years ago he (Mr. Sivewright) had made a very careful study of the 
different papers written on the rolling of vessels at sea. The majority of 
these papers treated the subject in a scientific way, but the most im- 
portant point that seemed to be missed in some of the papers was the 
proportions of vessels and the stowing of cargoes. He was glad Mr. 
Young had devoted a portion of his paper in calling attention to these 
points. He believed the excessive rolling of ships was due to too mnch 
stiffness, and if the stowing of heavy cargoes low down in a ship was 
accompanied by extreme beam it was practically impossible to prevent 
rolling ; indeed, he was of opinion that in the majority of cases where 
complaints were made it was due to these reasons. He could not 
agree that the fitting of bilge keels was the proper remedy to prevent 
rolling. There was a natural and an unnatural state in the trading 
or sailing of vessels, and to illustrate his meaning he would ask them 
to refer to the diagram (Plate XL) which he had prepared. The 
midship section of cargo steamer had an easy bilge, with a good rise of 
floor, and when loaded full of homogeneous cargo had a reasonable 
amount of metacentric height. This vessel under these condition would 
be an easy boat, but suppose the same vessel had only her water 
biifliist tanks filled, there would be an enormous metacentric height, 
and the conseijuence would be the same vessel under ballast conditions 
would be too stiff and roll excessively. The natural state of this vessel 
would be that probably 80 per cent, of her voyages would be made 
Uvjidtnl tuui the remainder in ballast, which latter would be an unnatural 
condition. He contended it Wiis not right to fit bilge keels to suit a 
Yosi>i*l that was sailing in ballast instead of being loaded with cargo. 
The only ivsult in fitting bilge keels is to set up skin friction ; he 
thought this was a very uudesinible thing to do when speed was 
i\H|uii\\l, iis they well know that to get speed economically it was 
uavssiiry to iwlucc skin friction. He believed, in some experiments 
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made Some time ago, that the fitting of bilge keels to a boat having 

a speed of 13 knots had reduced the speed fully half a knot. Besides 

in going through locks or alongside quays, loading berths, etc., bilge 

keels Were a source of danger. For some years now he had designed 

aad built a large number of ships in which neither keels or bilge keels 

were fitted, but at the same time he was careful to see they were good 

proportioned vessels with an easy bilge and a good rise of floor. He 

believed if owners would allow shipbuilders to construct vessels of easy 

dimensions and would stow their cargoes properly, they would have a 

very much more economical working vessel for all-round trading than with 

shallow vessels of extreme beam. He had just received information that 

two of the largest steamers trading out of Liverpool (which were 

originally fitted with bilge keels) had had their bilge keels cut off with 

gratifying results, but, at the same time, he might mention they were 

vessels of easy dimensions. In battle ships they had different conditions 

to contend with from ordinary cargo boats. They required in these 

Tesseh an enormous beam for gun platform, etc., and in case of being 

pierced by shot or any of the compartments being flooded they required a 

large amount of metacentric height to give them plenty of stability ; if 

this was not done there would be a tendency with a low metacentric 

height (supposing one of the chambers to be flooded with water) for the 

ship to capsize. To prevent the rolling of this type of vessel he believed 

they were accustomed to fit bilge keels fiilly 3 feet in width. The fitting 

of a ballast tank on deck, as advocated by one of their members (Mr. 

Maxwell BUll), he considered was a very sensible plan of reducing the 

metacentric height of a ship when in ballast, and he thought that if this 

plan became universal it would considerably reduce the rolling of vessels 

without the aid of bilge keels. 

The discussion was adjourned, and the meeting dissolved. 
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THIRD GENERAL MEETING OP THE SESSION, HELD IN THE 
LECTURE HALL OP THE SUBSCRIPflON LITERARY SOCIETY, 
SCJNDERLAND, on WEDlJIiSDAY EVENING, DECEMBER 19th, 
1894. 



Ai^KSXAF THOMAS RICHARDSON, B.A., J.P., Pbbsident, in the Chaib. 



The Secretary read the mmutes of the Second General Meeting of 
the session, held in West Hartlepool, on November 17th, 1894, which 
were approved by the members present, and signed by the President. 

The ballot for new members having been taken, the President 

appointed Professor R. L. Weighton, M.A., and Mr. J. R. Fothergill to 

examine the voting papers, and the following gentlemen were declared 

elected : — 

MEMBERS. 
Mc Bride, WiUiam, Engineer and Assistant Manager, Warren Cement Works 

Cottages, Hartlepool. 
Tajlor, John, Supt. Engineer, 53, Heaton Park Road, Heaton, Newcastle-upon- 

Tjne. 
Toovey, Alfred P., Inspecting Engineer, Ovington Cottage, Pnidhoe, Northum- 
berland. 
Yale, Thomas P. O., Engineer, 8, Belgrave Terrace, Newcastle-upon-Tyne. 

ASSOCIATES. 
Harriaon, Thomas, Engineers' Merchant, 9, Bridge Street, Sunderland. 
Meekt John George, Accountant, 10, Belle Vue Road, Tunstall Road, Sunderland. 

7 
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GRADUATES. 
Ashton, Arthur W., Engineering Student, 29, Falconar Street, Shieldfield, New- 

castle-upon-Tyne 
Bennet, Arnold, Naval Architect Student, 47, Grove Street, Elswick Road, 

Newcastle-upon-Tyne. 
Borthwick, Robert J., En^neer, 8, Kensington Terrace, Newcastle-npon-Tyne. 
Hancock, Bede, Engineer, St. Bede's Vicarage, Sunderland, M. 
Jonas, Owen M., Electrical Engineer, 23, Lovaine Crescent, Newcastle-upon-Tyne. 
Laing, Hugh, Shipbuilder, Thomhill, Sunderland. 
Mellanby, Alexander L., Engineering Student, 3, Leazes Terrace, Newcastle-npon- 

Tyne. 
Palmer, Henry G., Electrical Engineer, 16, Bolton Terrace, Newcastle-upon-Tyne. 
Robson, Nathaniel E., Engineer, 32, North Terrace, Wallsend-npon-Tyne. 
Robson, Robert, Electrical Engineer, 166, Rye Hill, Newcastle-upon-Tyne. 
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THE INAUGURAL ADDRESS.— REPLY BY THE PRESIDENT. 

The President said he felt highly gratified that his address had 

been the means of eliciting so much valuable information from the 

yarioas members who had taken part in the discussion, and he had great 

pleasure, on behalf of their Institution, in thanking Mr. Panton, Mr. 

Bedson, Mr. Adamson, and other visitors who had so kindly contributed 

the results of their practical experience in electrical driving, and so 

materially added to the value of the proceedings. It was somewhat a 

departure in their procedure for a reply to be made on a presidential 

address, but in view of Mr. Mountain's remarks he felt some explanation 

was necessary, although he was in perfect accord with Mr. Adamson's 

opinion that "an engineer had no country," but was a member of a 

universal brotherhood, whose object was progress. He might mention, 

however, that in the preparation of his address he placed himself in 

coniinanication with Messrs. Siemens & Co., the Wolverhampton Electric 

Co.', aD<i *'^® Companie International d'Electriciti6 of Li^ge, so as to 

obtain, if possible, the results of the best general practice. Messrs. 

Siemens favoured him with some valuable particulars, but requested that 

no publication should be made in view of the paper Mr. Siemens had just 

read before the mining engineers ; and the other firm, although sending 

some interesting particulars of installations, had no comparative results 

which were necessary for his prnpose. The object of his address was, 

however, not ^ advertise, or compare the merits of various firms of 

electricianB, but rather to submit to the members of this Institution 

reliable data concerning the best examples of electrical driving in other 

tiian the workshops of electrical engineers. With regard to Mr. 

Mountain's remarks on independent motors, it was a very simple matter 

determine in any particular case what would be the limit for the 

crreatest commercial success. In the Liege factory, for example, it would 

H €j l>een highly absurd to drive with independent motors thousands of 

U roachines, which were mostly automatic and continuous in their 

^^- and it would be equally unwise to adopt one large motor in an 

- works to drive travelling cranes, large lathes, and other massive 

1 which worked very intermittently ; but it was unnecessary for him 



80 PBIflCDlVt'S nrAUOUEAL Ain>BI88. 

illnrtrationi he had given clearly showed the caief nl attention this branch 
of the sabject warranted. The broad field of economical electrical 
driving was clearly defined^ as it was evidently not aj^licable to cases 
where an engine conld be applied direct to a madune, and his only 
exciiBe for mentioning snch an absurdity was that reference had been 
made to that fkct during the discussion. It was also, for example, very 
doubtful whether existing cotton mills could be converted, as the only 
poiaible economy was that obtainable from the reduction in IHctional 
loss by adopting independent motors, and commercial success could only 
follow when the saving in power exceeded the loss due to electrical 
transformation by an amount sufScient to justify the capital outlay. 
They, however, were not associated with refinements such as these, but 
luul to deal with extravagant losses due to Jiigh pressure engines 
scattered over a large area, and for such cases electrical driving would be 
an undoubted success. There were exceptions, of course, even in this 
district, and Mr. Thompson had given them an interesting example 
whore shipyard machinery was all belt driven from a single engine, which 
afforded an illustration of a case wh^ electrical driving was not appli- 
cable. The question of apjdicability was easily determined, and the 
valuable information elicited during the discussion would be of great 
aittistanoo to thoee who gave Uie subject their attention. In condiiding 
his remarks, he could only repeat that it had giv^ti him great pleasure to 
ha\*e Wn able to iutroduoe a subject whidi had proved 6l such general 
intorc«t% and ho trusted that the electrical engineers of this Institution 
\v\>uld fawHir tiiom ere long with further contributions. 
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^OJOO^ :C5NED DISCUSSION ON MR. ANDREW YOUNG'S 
P-^-PER ON "A BRIEF OUTLINE OF THE THEORY 
0:e^ THE ROLLING OF SHIPS." 



lit. TE. W. Db Rusett said he had very much pleasure in bearing 

^ tefit^^sxiony to the value of this paper, which showed a great deal of 

eaiTvBBt* jjatient reading, and he thought would be very useful to appear 

\^ \J[ieif Transactions, Mr. Sivewright, at their last meeting, deprecated 

\3aetffl^ of bilge keels in, he thought, rather a summary manner. The 

tad'ABi tJiese appendages had been used very much, not only on new ships, 

\>\it also on vessels which had been previously worked without them. 

He\iad a case of the latter description in mind, that of the " Ormuz," one 

o! die Orient Company's boats, which used to roll heavily. The company 

went to the expense of over £1,000 to have bilge keels fitted to that 

veaael. They were about 180 fefi!t long and 2 feet 3 inches deep. The 

^^fc was a considerable improvement in the ship's behaviour at sea so 

far as the rolling was concerned, and, being a passenger ship, it was of 

m 

i™^6ii8e advantage to obtain a steady platform. He (Mr. De Rusett) 

enquired into this case, and was fully assured that the bilge keels did not 

in any way affect the vessel's speed. The revolutions were almost 

identical in each case, and he understood the company have since gone on 

fitting them to their other liners. He thought there was reason in this 

procedure. He had noticed that the wooden North East Coast sea tugs 

were clincher-built boats, and the cobles were similarly constructed. He 

had asked, " Why do you prefer your boats clincher-built ? " The reply 

was "because they are much more weatherly, they roll less, and stand up 

better against a sea." In point of fact, the overlapped planking of these 

clincher boats practically formed bilge keels all along their sides, and 

offered resistance to the rolling of these handy craft. Since he had 

been in the North his firm had built two large fast passenger liners, 

which were fitted with unusually large bilge keels, they being about 

1 foot 6 inches deep and 120 feet long, the vessel's length being 

345 feet between perpendiculars. He took a voyage for a fortnight 

in one of these vessels. She had also fins fitted well below the water 

forward to prevent pitching, and one could hear the whish the swell 

made against the fins as the waves rose and fell past the vessel's bow, 

she remaining practically unmoved. As a matter of history these bow 
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fins were afterwards taken off, as they were considered to interfere 
somewhat with the speed of the vessel, but the bilge keels were retained. 
Some tank experiments were made by Mr. Caws with the models of 
these steamers with and without the bilge keels, and he (Mr. Caws) could 
tell them that the resistance in smooth water was not perceptibly increased 
even with such large keels. He had frequently asked captains and 
others, ** Do you find any difference in the speed of your ship when she 
begins to roll ? " " Yes," they said, " a very perceptible difference, as the 
speed falls off at once." Although a smooth water experiment showed 
very little if any increase of resistance, the members could readily gather 
that if they could keep their vessels steady at sea the propelling power 
would be more efficaciously employed, and steam would be kept more 
easily, as stokers worked better off a steady platform. As the author had 
pointed out (page 67) the result of Mr. Fronde's observations, viz., that 
the resistance to rolling by the skin of the ship, and the direct resistance 
of bilge keels was something like 20 per cent, of the whole, the remaining 
80 per cent, was due to wave-making. That bQge keels are a great wave- 
making agency as they ix)ck backward* and forwards is clear, hence their 
value in steadying a ship among waves. A very important point was 
mentioned by the author in pages 69-60, and that was the desirability of 
securing a suitable metacentric height. Now, they could not ensure this, 
excepting, possibly, in thoroughly organised liners, such as those carrying 
passengers and having water ballast, over which the commander had fall 
control, regardless of his load-line. He (the speaker) had taken a trip in 
one of the passenger vessels of a large company in order to watch this point, 
when he learned that the G.M. height necessary for comfort was secured 
by adjusting the water in the ballast tanks, the captain stating that he 
generally aimed at getting about 15 inches of metacentric height. But 
in the ordinary cargo boat this could not be secured, as she was loaded to 
the PlimsoU and started away without much regard to G.M., and the 
aiptain would not care to risk the loss of surplus buoyancy by filling 
ballast tanks. Therefore, it appeared to him (Mr. De Rusett), it was 
far more satisfactory and reliable to resort to bilge keels to steady ships 
than to place any reliance in stevedoring for this purpose, as they were a 
mechanical expedient always available and operative. He thought this 
stood to reiison. Further, his firm had tried a number of experiments 
with the model of the " Warrimoo," and found the bilge keels consider- 
ably more effective than the ordinary single line keel. They tested this 
in t.lie Tyne, as it wi\fi found even in a relatively large tank the backwash 
jiffect-cd her roll period considerably, the waves neutralising the esperi- 
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ment. The effect obtained by the model was exactly bome out by the 
fillip. He thought he was justified in giving them this information, 
because as other members were so ready to come forward and give 
^ wrinkles *' out of their experience, and he was pleased to give his. 

Mr. Maxwell Hill said he had not had the opportunity of hearing 
IMk. Young's paper read at their last General Meeting in Hartlepool, but 
^ving had a copy of the paper he had had an opportunity of looking 
^ugh it. He congratulated Mr. Young on the very able manner in 
he handled his subject. He noted that the paper was read before 
Crraduate section during the session 1 892-3, and he could only say 
^ if it was a fair sample of the papers read before the Graduate section, 
^ was not much to fear for the continued success of the Institution. 
^ Mr. Young pointed out, the discussion of the transverse rolling 
motions of a ship, as elaborated by many writers, was of such an intricate 
^^'^^racter that it required a high mathematical training to be able to 
follow the same. The manner, however, in which the writer of this 
I*I*r put the matter before them, showed that he had the question before 
™ wbU in hand. He did not propose to follow the paper from a scien- 
bfic point of view, but rather to make one or two remarks more of a 
practical nature. With reference to the stowage of cargoes, the writer of 
"^ paper very aptly mentioned that, at first sight, it was not unnatural 
fco suppose that the lower the centre of gravity of the ship and cargo, 
and consequently the stiffer the ship is the more inflexible she would 
be to the influence of the waves ; although experience had taught them 
in dealing with heavy cargoes, such as copper ore, that to get over the 
excessive stiffness it was necessary to fit platforms, or trunks, in order to 
raise the centre of weight. He was, however, of opinion that too many 
shipowners and captains acted upon the first impression, that of keeping 
the weight well down, and in many cases making the ships far too stiff, 
and consequently uneasy rolling. With reference to the fitting of bilge 
kfids he would not go quite so far as Mr. Sivewright as to do away with 
them altogether, as there were many forms of hull where they were bene- 
ficial He did, however, think that they were fitted in many well-pro- 
portioned vessels, where they were of little value in counteracting rolling. 
He contended that in many cases the fitting of bilge keels did not receive 
the amount of consideration due to them ; he meant as to the best position, 
the lioe of same, and the extent to which they were carried fore and 
aft. He was of opinion that they were, in many cases, carried too far 
fore and aft, and the ends became of such a form as to materially affect 
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the speed of the vessel. He rather advocated fitting them much shorter, 
and making them slightly deeper, where the form of section would admit 
of same, without running any undue risk of fouling quay walls, dock 
sills, etc. In the paper on " Qualities and Performances of Recent First- 
class Battleships," read by Sir W. H. White before the Institution of Naval 
Architects, at the spring meetings that year, the question of bilge keels 
received a considerable amount of attention ; this was chiefly due to H.M.S. 
" Resolution '* having encountered very bad weather, having rolled con- 
siderably, and having had to put back. It was rather suggested by some 
of the critics that a mistake had been made in not fitting bilge keels to her. 
Sir W. H. White proved clearly that the question of fitting bilge keels 
had received careful consideration, and it was decided not to fit them, 
and as he (Mr. Hill) had the construction of the " Resolution " in hand 
until after she was launched, he knew that they were not originally in- 
tended to be fitted. Bilge keels had since, however, been fitted to this 
class of ship, with the result, he believed, of considerably reducing the 
rolling, and with very little effect on the speed. One of his reasons for 
speaking on this paper of Mr. Young^s was because he found that at th 
discussion that took place on it at Hartlepool last month, Mr. Sivewrigh 
referred to him in connection with a new arrangement of deck water bal- 
last tanks that he had recently had fitted in a vessel built at Hartlepoo 
and from what he (Mr. Sivewright) said he took it that he had seen t 
vessel, and was pleased to note that he spoke favourably of the plan adoptee 
As one of the objects of Mr. Young's paper was to afford an opportunity f 
discussing the rolling of ships, and as one of the reasons for fitting th 



deck tanks was to raise the common centre of gravity of the vessel whe 
in ballast, and consequently ease the rolling, it would perhaps not be out 
of place if he made a few remarks with reference to the fitting of these 
tanks. It somewhat recently came to his knowledge that it was no un- 
common practice for vessels going out in ballast to take a quantity o! 
loose stone, or rubble ballast on the after-deck, for the purpose of easing 
the rolling, and also to better immerse the propeller, hence the idea of 
fitting deck tanks. The modem cargo vessels were more or less deficient 
in water ballast to properly immerse the propeller when in ballast trim, 
and if they put any more in the bottom they not only shut out cargo 
space, but they increased the stiffness of an already too stiff ship. Un- 
fortunately in these depressed times, with unprofitable freights, it was a 
common practice to send vessels out light to get a homeward freight, the 
consequence being that a large percentage of the voyages were made in a 
light condition, and it was therefore necessary to consider the behaviour 
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o^ Vessels in a light as well as in a loaded condition. The vessel in 
wiiich these deck tanks were fitted was of the following dimensions (see 
I^late XIa) :— 304 + 42*6 + 20*9 4,000 tons dead weight on 19-6, and 
^^as of the partial awning-deck type, t.e., with the well aft, the arrange- 
iiient of fitting them was as follows :— The sides of the tanks were formed 
Py tvro girders fitted on the top of the after-deck, standing about 3 feet 3 
J-nclies high, and placed 12 feet each side of the centre line of the ship and 
extending from the poop to the break, and so arranged that they passed 
txirough the engine ro<Hn bulkhead and overlapped on to the engine casing 
^^^^atning plates, thus forming continuous girders in connection with the 
^^gine and boiler casing right aft to the poop. The space between these 
^^^^ere was plated over from side to side and formed the top of the tanks, 
^-^^e quarter-deck forming the bottom. In this class of vessel it had been 
*orta.d that some showed signs of weakness at the break of the deck, t.e., 
^^*^t abafk the engine room bulkhead, and Lloyd's had insisted upon the 
^^^^^*xi deck being carried into the hold abaft the engine room bulkhead, 
^^ ^orm a scarp or overlap with the quarter-deck, which meant a breakage 
^* stowage. By this arrangement of deck tanks in the ship referred 
^^-^ the extending of the main deck abaft the engine room bulkhead was 
^^oided, the partial awning deck being extended about 12 feet abaft the 
^^gine room bulkhead, and thus forming a scarf or overlap with the 
^^iarter-deck, the space being utilized partly for fresh water and partly 
'^ a ballast tank. The capacity of the deck tanks as fitted was about 
^"75 tons of water, and this with the weight of material in their construc- 
tion had the effect of raising the common centre of gravity about 1 foot 
* belies ; this was with the ordinary tanks full, also bunkers full, and 
^^en then there was still 7 feet 3 inches metacentric distance lef L The 
^^^ of the centre of gravity 1 foot 3 inches would have a material 
^fict in reducing the severe straining and rapid rolling due to excessive 
'^leas. The arrangement of these tanks added considerably to the 
*^ctural strength of the vessel, so much so that Lloyd's made an allow- 
*nce in the f reeside of the vessel referred to on account of same. The 
^^g of these tanks had the effect of immersing the propeller an 
additional 18 inches, which minimised vibration and improved the 
speed. The top of the tanks formed a means of communication in bad 
weather from the poop to the bridge, without going into the well, hand 
rails being fitted along each side. The means of filling was by a pipe 
connected to the donkey pump, and they were drained through cocks on 
to the upper deck, the water passing overboard through the ordinary 
scoppeiK The ship in which these tanks were fitted was now on her 
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first voyage, having gone out to the East in ballast, and with the deck 
tanks fall, and they now expected a report daily, as to the effect of the 
tanks, which they hoped wonld be sach as to justify their having fitted 
them. 

Mr. W. HOk, in offering a few remarks on this paper, said he wonld 
first touch upon the theoretical aspect of the matter, and then upon the 
practical side. What he had to say would not be very encouraging, for 
he could not help holding the view that the theory in its present state 
was very imperfect. First, with r^rd to the position of the axis about 
which the ship was momentarily rotating. With due respect to that 
eminent theorist, Chtnon Moseley, he could not possibly see how his 
construction of it could be correct. It might possibly be true in special 
ideal cases, but in nature those cases had no existence. The reason was 
that he had entirely neglected the influence of the forces of water resist- 
ance, and also the variation of displacement throughout the roll. He 
had treated the problem from a statical and only partly dynamical point 
of view. If his construction were true the whole of the ship would, in 
many cases, have a considerable lateral translation during the roll, and 
he did not think anyone who had been on board a rolling ship had 
noticed much lateral translation taking place. He would not attempt to 
give a solution of the problem, for it could only be solved by making a 
large number of experiments. Nor did he believe that the ship^s masts 
tended to take up a direction normal to the effective wave slope. It 
might be true of an infinitely small body, but could not be true of a ship 
which was large in proportion to the wave. Neither did he think that 
the rolling was isochronous. Now, the theory was based on the principal 
conceptions that the axis of rotation passed through the centre of gravity, 
that the ship^s masts tended to place themselves normal to the wave 
surface, and that the rolling was isochronous. Hence it followed that if 
his arguments and surmises were true the present theory needed consider- 
able amendment before it could for any length of time stand the test of 
experience. In order to show them that there was some ground for 
these strictures, he would quote from a paper written lately for the 
Institution of Naval Architects by M. Bertin, the eminent Frenchman, 
who had been a great authority for the last thirty years on the subject. 
He commenced — " I do not think that I do any wrong to the various 
authors who have treated the question of rolling on a non-synchronous 
wave when I say that the calculations hitherto attempted have not 
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greatly advanced the question. Naturally, I make no exception in favour 

oi what I have hitherto accomplished myself/' etc. This was a 

ffignificant utterance of a man who had devoted himself assiduously to 

tbe subject of rolling for the last thirty years. His paper was 

lorthy of careful study by those who were interested in this matter. 

Now, the only way of obtaining a true conception of the rolling of ships 

was by making numerous experiments on ships and models. This could 

be easily done if shipowners, captains, and builders co-operated in the 

inatter, and if Mr. Young's paper had awakened an interest in this 

difficult subject he was sure he would be well repaid for the trouble in 

patting it before them. Coming to the practical aspect of the matter, 

^ they wanted was a slow rolling ship with a minimum angle of 

roll; and what they had above everything else to guard against was a 

^ angle of roll. What now principally determined the rolling were 

the forces of inertia, the righting force, and the forces of water resist- 

M^ce. Speaking generally, those forces were inter-dependent, and this 

fact constituted the whole difficulty in treating problems of rolling. He 

did not think it was safe to lay down any hard and fast rule with regard 

to the influence of the forces of inertia and the righting force in reducing 

the maiimum angle of roll to a minimum, but what was safe to say was 

that increasing the forces of water resistance would always reduce the 

niaxinimn roll. This was why loaded ships generally rolled very much 

less than light ships. In practice the reduction of the maximum roll 

was effected by increasing the immersion, and by fitting bilge keels. 

The bilge keels need not be long, but should be of considerable depth 

to be of any use. There was a case which under certain conditions was 

dangerous, and to which he therefore would like to draw their attention, 

tj^ a ship with relatively large forces of inertia, small righting forces 

of stability, and small forces of water resistance. Such a ship might be 

a battleship, with heavy top armour and guns, with round midship 

section, and small stability. In such a case the roll would be slow, 

which would reduce the effect of bilge keels. So, in this case, the 

problem of reducing the maximum roll was not easy to solve. The 

otbei case was a merchant vessel, light, with her coal in the upper 

bunkers and bridge, and the ballast carried on the upper deck in order to 

redi3ce the statical stability. He did not think practical seamen would 

oatuifcenance this kind of arrangement, but it had been seriously suggested 

as s means of reducing the rolling of the modem broad and shallow 

caTf^ steamer when light. 
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Mr. BoBT. Thoxpsov (Past-President) said he simi^y wanted to 
his testimony to what Mr. De Bnsett had said with regard to bilge keeT^ 
affecting the rolling of ships. In 1888 his. firm boilt a vessel 883 f< 
long and 46 feet beam, with a flat keel, and without bilge keels, whi( 
was the owner^s partionlar wish. The vessel was run for some years ^:b 
that condition in the American trade. Three or four years ago biL ^ 
keels were fitted to the ship, and since then there had been a very markei^ 
improvement in the ship^s rolling, as compared with the rolling previoc^ 
to the bilge keels being fitted. The fitting of the bilge keels had n 
affected the speed of the ship. These last few years his firm had givej 
very dose attention to the matter. They had bnilt a steamer of aboa^ ^ 
2,800 tons deadweight, being a sister ship to one bnilt three or four yean^ 
ago, with a bar keeL The vessel bnilt this year had a flat keel and bilged 
keeb. They had had a letter from the captain to say that although hifl^ 
previous ship was a good one — ^it had been part of the contract that the^ 
lines were not to be interfered with— ^e captain reported that the neiv^ 
ship rolled more easily than the previous one. Experiments, as spokeiiiff 
to by Mr. De Rusett, had been borne out by experience; of course, bOg^' 
kools would affect the speed of the ship if they were not put on properly^ 
and that was where the test lay. If they put them lower at the after-en^^ 
than the fore-end they became a wedge, and she had to drive through it ^ 
but put them up on the water-line according to the trim in which th€=^ 
were going to run the ship, and also see that they were not abnormal W:^ 
the site of the ship. If they put large and long Ulge keels on to a smsfeJ 
ship Uiey would have the speedaffiected tosomeextoit. thesameasif th^pjc 
hud tho bilgo kccis lower at the after-end than the fore-end. He saidS 
tiiut to show wliei>o the bilge keels would afiect the speed and make tiie 
vc8»el slower ; but his opinion was, after very close calculation and experi- 
luonU and also by the test of actual experience, especially in fine passenger 
InmUk that where they had been fitted with a bar keel, and other ships 
hml Ix'cn fitteil with bilge kecK they found that the bilge keel ship, year 
in ami year ouU with the average of weather they thus got, was the faster 
N'x'Miol in the tweh*e months^ simply because she rolled easier^ the pro- 
|vller9 weiv ke^^t driving steadier^ and the vessel got better through the 
!«i>aj^ Ui» tinu had in twx> cftac$ distinct proof of this, and he was guie 
he wi^ «(H>akiU);r quite within the mark when he said these boats gave 
Mter ^i^v^i iv«uh» wltejK^ the bilge kei^ wtere fitted as compared with 
the vv««ii')« tit<eil witli the bar kivL 

Mr« J« K. W^THKKon.i. (^Vi<v-Pix^dem> remarked that he rose for the 
l^^rtHyK" \\f a;!^ii\j: a q\K«tion« It w» geiKiallT oontoided, if bilge keels 
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^^ to be efficient, more particularly when fitted to cargo steamers, they 
^^^d require to be of such depth as to become an element of danger, 
^'^^nld Mr. De Rusett express his opinion as to what he considered 
^^^Uld be the depth of an efficient bilge keel, say, for a steamer of 330 
long by 40 feet beam ? He (Mr. Fothergill) understood Mr. Sive- 
ght's contention was, not that bilge keels would not reduce rolling, 
to be of real benefit they would require to be of such depth as would 
probably, in the case of cargo steamers, be productive of consider- 
more harm than good, and he must say that he was of the same 
c^lF^inion. There was no doubt by careful and proper loading in the 
3jLsfcribution of the weights much could be done to reduce rolling, but, 
E>^rfcicularly in these days of poor freights, they neither had the time or 
oX>I>^rtuiiity to do so. They frequently had to load at two ports, first 
light cargo and then fill up with heavy goods. They could either 
or leave it, but in these days they were glad to get what they could. 
• Thompson had spoken as to the position in which bilge keels should 
fced, and pointed out if not fixed in a certain position they would be 
dlefcrimental to the speed of the vessel. He should like to ask Mr. 
'X'lioinpBon how this could be done under conditions of different trim, for 
existence, such as the difference of trim between light and loaded ship? 

Ife. E. W. Db Rusett replied that with regard to the size of the 
^^gc keels, of course it depended very much upon what kind of bilge the 
^^aaelhad. In determining the size of the bilge keel they had to consider 
^ katter of the ordinary quayside wall, so that the bilge keel would be 
?^ta*ed from coming into contact with it. A bilge keel 1 2 inches in 
^^ for about half length of the vessel was as much as could be got on 
^ sharp bilge of a cargo boat ; but from his experience a short, deep 
"^ keel was the better, as in the case of the " Warimoo," and her sister 
^fiBsel the " Miowera." There was a common error that bilge keels would 
g^ knocked oflf the first time the vessel was docked. One of the vessels 
be mentioned — the " Miowera " — got on the rocks, and remained there 
some time. He afterwards saw the vessel in dry dock and examined her 
bottom carefully, when it was observed the starboard bilge keel was 
xatner hnrt, but the port keel was untouched, although the bottom was 
ternbly battered. The second time she got on the rocks the starboard 
bil^ keel was scarcely touched, and the port keel not touched at all. If 
well placed, and of suitable size, bilge keels would stand any ordinary wear 
and tear, improve the steaming of the vessel, and materially aid in pro- 
ducing a comfortable ship, regard being also had to storage and form, as 
was 80 emphatically pointed out by Mr. Sivewright. 
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Mr. F. Oaws said he had been aeveial tunes lisqiieBted to make ex- 
perimentB in his tank upon t»lge keels, and these experiments bore ont 
very remarkably some of the observations made that night, particularly 
as to length. His experiments proved that if bilge keels were made so 
long as to interfere with the lines of the ship at the ends, that did aflEiBct 
appreciably the resistance ; bnt in the case of vessels having long parallel 
middle bodies, the bilge keels conld be extended, of conrse, much more 
than in finer ships. His experiments proved that bilge keels, so long as 
they partook more of the nature of bilge ^ dogs ** than long keels, had 
really no appreciable effect on the speed. The ^fins** spoken to by 
Mr. De Rnsett were found in the experiments to have a veiy marked 
effoct upon the speed. Indeed, when the experiments were worked out 
he wont so far, on the occasion Mr. De Busett alluded to, as to say he 
believed the fins would have an effect in reducing the speed of the ship 
in (lUQStion by about three-fifths of a knot, and that was afterwards 
proved to be true, because when the twin ship was tried on the measured 
mile without fins she went three-flifths of a knot faster than the original 
ship previously tried under similar conditions with fins. 



The Prksidint declared the discussion dosed, and Mr. Young's reply 
was deferred till the next meeting. 
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AN ACCOUNT OF SOME EXPERIMENTAL STUDIES OF 
SHIP ACCELERATION AND FLUID RESISTANCE. 



By prank caws. 



[BXAD BE70BB THB InSTITUTIOV, IN SUNDBBLAND, ON DbCBMBBB 19TH, 1894.] 



In the paper which the writer had the honour to submit last year to 
this Institution, space would not allow him to refer to a prolonged series 
of experiments which he made previous to his invention of the pendulum 
speed-power meter, and which ultimately led up to that invention. 

The two-fold object of these experiments was : — 1 (Practical). To 
obtain an apparatus and method by which, within a room of moderate 
size, and at small cost, the shipbuilder and naval architect could find the 
speed-powers of any ship from her small model. 2 (Scientific). To 
learn the principles of fluid resistance. The present paper will relate 
exdnsively to object 2 ; and will deal with one side only of a many-sided 
enqniry. 

The tank (see Plate XII.) in which these experiments were made was 
40 feet long, 4 feet wide, and 4 feet deep. By the kind permission and 
help of Messrs. C. S. Swan & Hunter, it was specially constructed in 
1884, in an old warehouse in their East yard at Wallsend. It remained 
there during a number of years, till the old warehouse was pulled down 
to make room for the new joiners' shop which now overlaps the site. 

At one end of this tank two vertical iron poles were erected, 
graduated from top to bottom in terms of feet. Fixed across the top of 
tJiese two poles was a short broad board, facing the lengthway of the 
tank. Upon brass brackets, secured to this boaixl, two distinct sets of 
** frictionless " wheels were mounted, one set of wheels to each pole. 

Each set of wheels consisted of one centre pulley, revolving friction- 
leflBly on the rims of four supporting wheels, in the usual manner of an 
Atwood's machine. At the opposite end of the tank, at a level not very 
high above the water, was another pulley, mounted on fine centres. 

The towline passed from the bow of the ship model floating in the 
tank, round under the last named pulley, and thence back, over the full 
length of the tank, to one of the two first-named pulleys, and then down 
to the towing weight suspended therefrom. 



The other one of the two first-named pulleys sapported two mequal 
weights hnng in couDterpoise, employed on Atwood's principle for measur- 
ing time. On the sketch (Plate XII.) the heavier, t^., the descending or 
" down-time weight," is shown at the top, ready to come down ; and the 
lighter, i.e., the ascending or " nptime weight," is shown at the bottom 
ready to go ap. The towing weight alao is shown at the top ready to 
descend, and the model is shown at one end of the tank ready to start 
for the other end. Please observe, the andereide of the towing weight in 
this starting position is exactly level with the underside of the down-time 
weight, and these two weighte bhos toeing, so to spe^, the scratch level, 
are ready to race each other down in front of their respective poles, until 
they are arrested by their respective brackets. Near the bottom of the 
poles you will observe these projecting brackets, one to each pole. These 
brackets are of cast iron. They are made to slide up and down their 
respective poles, and to clamp by a side screw at any desired level j and 
each bracket is fitted with a vernier scale in terms of feet, by the aid of 
which the adjustment of any level can be made with the utmost accuracy. 

As shown in Plate XII., the towline is in tension from the towing 
weight ; and yet the model remains still at that end of the tank nearest to 
the poles. Likewise the lighter time weight remains motionless at the 
bottom, and the heavier time weight at the top. Neither the ship nor 
the time weights can move until the cotton thread leash which connects 
the stem of the mode! to the underside of the lighter time weight is 
burnt or otherwise severed. This leash line after leaving the lighter 
time weight passes plumb down, and under a little staple, or eye, fixed to 
the tank end ; and from that staple, or eye, it passes horizontally forward 
till it reaches and is fastened round a little windlass mounted on the 
poop of the model. By means of this little windlass the operator is able 
before the start to adjust the towing weight and down-time weight to 
the scratch, or starting level. 

All being thus truly adjusted, the burning of the leash liberates 
instantly the two systems which had been restrained by the one leaah 
common to both ; and, as this leaah was the only connection between the 
two systems, the act of burning it renders them absolutely separate and 
distinct from each other ; so that the towing weight and its model 
forming one system, and the uptime weight and down-time weight 
forming the other system, each system proceeds to move quite independ- 
ently of the other. 

Now it will be seen that the travel of the model in a given time 
is repi-eseuted and measured by the descent of the towing weight in that 
time. 
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The time in question is marked by the descent of the down-time 
weight. Knowing beforehand that the travel of the down-time weight 
iiii say, 1 gecond or 2 seconds, or in any other predetermined time, 
depends upon how much heavier the down-time weight is than the 
uptime weight. If the uptime weight weigh nothing, then the down- 
time weight will in 1 second fall 16-1 feet. If the uptime weight 
weigh the same as the down-time weight, the latter will not fall 
at all. Between those limits the operator can adjust the weights so as 
to make the descent of the down-time weight in any given time what- 
ever he pleases. And he can thus employ the time weight system to 
niark, in very small fractions of time on a very large and accurate scale, 
the time in which the model is travelling horizontally the same distance 
as the towing weight simultaneously travels vertically. 

But in order to employ the time weights for this purpose it is 
necessary not only that the down-time weight and towing weight start 
from scratch simultaneously, but also that they stop on their respective 
brackets at the same moment as one another. 

Simultaneous starting was effected by burning the leash, common to 
hoth systems, as above described. Simultaneous stopping was effected 
hy the use of electricity, in a manner which shall now be explained. 

Each of the two brackets, which arrested the two falling weights, had 

a httle hole through the middle of its flat table. Before the burning of the 

*fi^ there was planted in each hole a small round stick or plug of lignum 

^^ (a non-conducting material) the top end of each plug being allowed 

to stand a little above the level of the bracket table. Round each plug 

there was a ring or zone of platinum (a conducting material) let in almost 

flush, like a ring round a finger. Directly underneath each bracket table 

Wis a pair of electric terminals, connected by wire conductors with a 

lottery, the wires passing in their circuit through a signal box. This 

fflgnal box was fitted with a red disc and a green disc, each suspended so 

38 to fall when a current passed. The red disc was in the same circuit 

with the towing weight bracket ; and the green disc was in the same 

circuit with the time weight bracket. Each of these two circuits was 

broken at one point only, viz., at the terminal underneath each bracket. 

^en the towing weight and the time weight descended on their 
bracket plugs, they knocked them down through their holes into the open 
space beneath. The plugs were made to a nice easy fit, so that the 
slightest tap on their upper ends caused them to fall through. In falling 
through between the electric terminals, the platinum zone of each 
plug made momentary contact ; thus at the moment of passing, and only 
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experimental result at all, unless it were a perfect one. By shipping and 
^iDshipping the short connecting wire between the two brackets, this 
alternative system of signalling could be used or disused at pleasure. In 
^al practice it was afterwards found that, such is the quickness of the 
human eye, no disagreement, as to the simultaneousness or non-simul- 
taneousness of the fall, ever arose between various observers of discs when 
the single circuit system was not employed. 

By means of this apparatus, and sundry other dynamometric instru- 
ments and appliances which he from time to time invented and super- 
^ded, the writer proceeded to explore the principles which govern resisted 
^^^leration; and the bearing of those principles on wave genesis and 
6^odu8, and on the behaviour of ships in getting underweigh, and con- 
tinuing at steady speed, and coming to rest. 

Within the compass of one paper of reasonable length to deal with 
this whole range of enquiry would be impossible. And on the present 
^^^^ion the writer will confine his remarks to one particular feature of 
^^e branch of the extended series of experimental investigations over 
^hich he was occupied for a considerable period. 

In order to exhibit this particular feature referred to, let B = down- 
time weight, S = uptime weight, W = towing weight, and D = ship 
^el's displacement weight. 

h the course of experimenting, the writer often changed the ratio of 

^ to 8 and of W to D, ringing the changes, so to speak, in many ways, 

ioping thus to find what he was in quest of. By laying down the results 

thns obtained in curves, whose abscissae were in terms of travel, and 

'^hofie ordinates were in terms of time, the writer proceeded to compare 

the curves of the resisted motion of ship model and towing weight to the 

curves of the comparatively unresisted motion of the time weights. And 

in both cases the curves proved parabolic ; thus proving the acceleration 

in both cases to be uniform. 

In this comparison, the towing weight, W, is regarded as represent- 
ing *he resisted, and the down-time weight, B, as representing the com- 
par^vely unresisted motion. 

The resistance of B is mainly due to air opposing the motion of B 

and 8 ; and the resistance of W is mainly due to water and air opposing the 

motion of D, and to air opposing the motion of W. If the air resistance be 

discarded, W may be regarded as resisted (by water) and B as unresisted. 

The writer found that when 

W_ B-S 
D B + S 
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the weights W and B, starting simultaneously from the same level, at top 
of their respective poles, descended side by side at exactly the same rate, 
and landed at the same instant on their respective brackets, set at the 
same level at bottom of poles. 

This was confirmed by hundreds of experiments ; pulley inertia, etc., 
being eliminated by due allowance. 

When the "W reached its bracket in many such experiments the D and 
W had nearly or quite attained their maximum speed. 

It will now be necessary to look more closely into this experimental 
outcome and see what it means. 

At the top of two poles (left hand diagram of Plate XIII.), hang two 
suspended weights, at exactly the same level, side by side, from in- 
dependent points of support. On burning one leash, which holds both 
weights stationary, they simultaneously begin to descend. 

One of them, B, is opposed in its descent by a resistance — that of the 
air — so infinitesimal as to be comparatively negligible. But the other of 
them, W, has, as compared with B, a tremendous resistance, viz., that of 
the water to the ship in tow. 

It will serve to confine the attention to the essentials of this case if it 
be granted (referring to the companion right hand diagram of Plate XIII.) 
that one weight, F, is descending through air, while the other weight, R (in 
this case not towing anything), is descending through water. Say also that 
the two weights are of lead of the same size and shape as each other, but 
F having a small cavity within it sufficient to neutralise the difference 
between air and water displacement weight, so that if the lead weight, F, 
with the small cavity, were suspended in air over the same frictionless 
pulley as the solid lead weight, R, suspended in water, each weight would 
exactly counterbalance the other, as shown by the right hand diagram. 
Say also that the depth of air beneath and around the F weight, and of 
water beneath and around the R weight, is unlimited. 

It is evident that each weight, R and F, will, under these conditions, 
fell through its fluid medium at an accelerating rate, until the active 
resistance of the fluid becomes equal to the force of the falling weight ; 
after which the latter will continue descending at a steady speed. 

It is equally evident that the weight falling through air would have 
to gain a much higher maximum speed than the weight falling through 
water. For if both weights are of similar size and shape and of equal 
accelerative force, and, if both resistances being equal to their respective 
accelerative forces are thus equal to each other, it is plain that, 
to obtain the given resistance under the given similar conditions 
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J rather nnprofitably) the writer will now endeavonr to give a plain 

jent of the plain answer which Nature herself gave him by the 

.fcs of experiments with the apparatus above deeoribed. 

The answer is this : During the time, » 1, in idiioh the weight in 

water is reaching its maximnm speed » 1, the wei{^ in air moves down- 

ward at the aams rate as the weight in UMtter^ and Ukewite reaches speed 

^ 1; no more and no less. 

This answer has been invariably given by, not doBemi or atXNDes 
merely, bat by hundreds of ezperimente with ship models in the WaUaend 
tank, and elsewhere. 

Of course the towing weight iiaelf did not actually desoend in water 
while the time weight fell throngh air, bat the experiments weie strictly 

equivalent to that state of things ; for having made ^ b ^ a »^ ^ 

and B were endowed at the start with equal aoceleiativB focoe; and the 
towing weight, by drawing the ship model through water, raised a reaisfe- 
ance so much greater than that of the air that the time weight B and 
towing weight W did actoally in these experimente move downwards, the 
one with a resistance of mere air, the other with resistance not merdy of 
air but of water also. The latter resistance was such that in some cases 
the full speed of ships, ie.^ the maximum speed of towing weight, was 
reached, or nearly reached, by the time the weight had fallen to ita 
bracket at the foot of the pole, when the time weight which had started 
side by side and fallen an equal distance to the towing weight, had 
covered thereby only a very small fraction of the total descent it woold 
need to make in air before it could attain ite maximum speed. 

Daring the first small section of its descent, 1.0., so long as it kept 
exact pace with the towing weight, the time weight (as its parabolic 
carve of travel and time showed) was travelling with a sensibly uniform 
acceleration, and as the towing weight kept pace with it up till the 
expiration of time = 1, when towing weight's speed limit was reached, 
it was evident that the towing weight^s acceleration was sensibly uniform 
throughout, not merely a small fraction, but the whole of its period of 
acceleration. 

From this fact the reasonable inference was that if the descent of the 
time weight could likewise have been traced throughout its whole period 
of acceleration till its maximum speed was reached, it would have been 
seen that its acceleration likewise remained sensibly uniform or constant. 

The very numerous experiments made by the writer in this manner 
left him no room to refuse to believe that (paradoxical as it may at first 
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blush seem) bodies getting up speeds in fluids, if moved by a constant 
power, have a constant acceleration. 

So long as this constant accelerative force is engaged partly in over- 
coming the inertia of the fluid mass, and partly in overcoming the 
inertia of the ship's mass, the latter mass continues to gain speed at a 
«»w^ lafce of gain. 

Until this great fact was forced on his observation, the writer held 
the common belief that constant acceleration is the sole privilege, so to 
^P^ of nnresisted motion; and that the acceleration of a resisted 
motion starting at maximum value, in getting up to maximum speed, 
encomitered a continual increase of resistance, and was thereby reduced 
to zero at the full speed point. 

^ow, that common belief is true enough so far as it goes. But it is 
oftrely the half of the truth, and, unfortunately, when mistaken for the 
whole truth it leads men to very feJse practical conclusions. Thus the 
question arises, what is the other half truth which is not so commonly 
recopfnised ? We may call the one half K, and the other half P, and the 
wholeC. Then K = P, and K + P = C 

It may be truly said that this expression is commonly recognised and 
accepted. And yet, strange to say, it has been thought that this expres- 
sion, while applying to energy or power, could not be properly applied 
^ speed and time. And, in consequence of the false limitation thus 
imposed, confusion has resulted. 

That a momentary velocity of an increasing or decreasing series of 
velocities evolving a speed climax, must not be confounded with a full 
grown speed, has long been insisted on by those who have given this 
important subject much thought. But the precise relation of any 
momentary point of the accelerative process, to the complete issue, or 
ch'max,of that process, has not yet, so far as the writer's reading informs 
him, been clearly demonstrated. Meanwhile, failing this necessary 
demonstration, the common view has obtained that during the getting up 
of speed by a constant power, the resistance and speed are a series of 
mcreasmg resistances and increasing speeds possessing a " mean value." 

Every one recognises that acceleration and resistance are strictly 
reciprocal forces. And, hence, if the resistance does increase the accelera- 
tion must concurrently decrease. 

Many minds have speculated as to whether acceleration in this way 
decreased uniformly or variably ; and if variably by what rule of variation ; 
and much ingenuity has been exercised on attempts to solve this last 
occult problem. 
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Uix>n these important points the writer's mind was ultimately set at 
rcHt by the fact, so plainly revealed by the Wallsend tank experiments, 
that acceleration in such cases does not decrease at all. That is to say, 
a ship under constant power does not gain her full speed by decreasing, 
or in any way varying, but by constant increments. 

These experiments admit of no other rational conclusion than that 
each of the functions of motion — ^power, speed, and time — ^possesses a latent 
as well as an active value ; and that at any moment of motion the true 
value can only be found by adding together the latent and active values 
present at that moment. 

At the initial moment of the process of acceleration the maximum 
latent value of resistance and time and speed co-exists with the maximum 
active value of accelerative force. At the final moment of acceleration 
the miniiuum or zero active value of propulsive force co-exists with the 
niaxinuun ivctivo value of resistance, time, and speed. Ajid at any 
moment intermeiiiate between these two extremes the active value of any 
function of the motion, added to its latent value, equals the mftYinrmTn 
value which is consUuit throughout the whole process. 

To tivat of these functions as if their active value present at any 
niouiout were their whole N'alue at that moment, and to ignore the latent 
valuo (is though it were of no value, most induce serious mistakes of 
iv^itinuito in valuations of motion. 

A oKvvr understanding of the unity and constancy of value present 
tlu\>Ui;hoa( any motion proiiuoed by a constant power, forbids absolutely 
(hiU falso nioiliixl of mo;i*uring which crx}dits accelerating speed and 
ivsis(,uuv with tho jx^sse^ion of **mean N'alues/' It is true their active 
juui K'Uont vuluos \\m\\ vary thrx>ughout the process of speed-development, 
and (1ms (hoiv luav Iv richtlv estimated a mean K« or a mean P, value, 
l^ut (ho pnuiiv^Uly otTt\H,ivo constant value is at every instant the P and 
i\w K \";Uuo addi\i (ivo>thor. 

It follows t\\nu tho Hlv>vo-nanK\i facts and principles experimentally 

jUti\<t<\i that t\w dvi|>ci of i\^nal .^ ratio, or of equal displacement and 

|\>\\vv. tho ono MutT a^vi tho otiuT t::H\ will gxK during the whole time 
i\\M tho M;;tT sh^ip is c^ininj: s^xwl, :it oxACily equal nue. But after the 
h'.u^V Nh,;p h.as won hor sixwi :ho f.i>o s^vlp sjill oontinues to gather speed ; 
;uul >\> t A>'.r. ^ivna :>v^J Ivforo' ibo r.-ionx-n: wber. the Wuff vessel's nv^TiTTi Tini 
s^vwi \s t^.rs. ol^i^;;\M jbo fi:^c \'o^?^*lC CvV>s on fcu^iing ahoftd nntil she in 
»uv\> N/,aV. h,a\v ..UA-r.w* hir r/.j^xinu'-r.; scixxvi. 
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In conclusion, the writer regrets that while dwelling on that feature of 
his experimental investigation which reveals that the acceleration of ships 
under constant power is uniform, he has not been able to dwell also on 
the remarkable fact, revealed no less clearly by the same series of experi- 
ments, that when W = towing weight, and D = ship's displacement, the 

W W 

value of the constant acceleration is not = t, . ^rr ffi ^^^ is = ^^ at. 

1> -h W D 

In this last named fact is couched a rich mine of hydrodynamic truth, 

which cannot be displayed to any adequate degree at the tail end of this 

paper. The writer hopes, however, on some future occasion to present 

this fact in some of its many important and most interesting bearings on 

the speed behaviour of ships. 

The discussion was postponed, and the meeting adjourned. 
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NOETH-EAST COAST INSTITUTION OF ENGINEERS 

AND SHIPBUILDERS. 



Eleventh Session, 1894-95. 



PROCEEDINGS. 



FOURTH GENERAL MEETING OF THE SESSION HELD IN THE 
LECTURE HALL OF THE LITERARY AND PHILOSOPHICAL 
SOCIETY, NEWCASTLE-UPON-TYNE, ON TUESDAY EVENING, 
JANUARY 16th, 1895. 



AiJ>BMMAS THOMAS RICHARDSON, B.A., J.P., Pjkssident, in the Chair. 



The Secretary read the minutes of the last General Meeting, held 
in Sunderland, on December 19th, 1894, which were approved bv the 
members present, and signed by the President. 

The ballot for new members having been taken, the President 
appointed Messrs. W. C. Mountain and M. Sandison to examine the 
voting papers, and the following gentlemen were declared elected : — 

MEMBERS. 

Itie Gotfred, Saperintendent Engineer, Det Bergenske Dampskibsselskab, Bergen. 
Q'^allomn, Timothy, Engineer, 205, Avenue da Commerce, Antwerp, Belgium. 
WrBY ThojnBB W., Surveyor to Board of Trade, Board of Trade Offices, North 
Shields. 

GRADUATES. 

P ttBTSon, Robert O., Apprentice Engineer, Thorneyholme, Blaydon-on-Tyne. 
^^. . Alex- C., Apprentice Engineer, Norwood House, Heaton, Newcastle-upon- 
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REPRESENTATION AT LLOYD'S. 

The President announced that the Council had re-elected Messrs. 
William Boyd, F. C. Marshall, R. Thompson, and H. Withy to serve on 
the Sub-Committee of Lloyd's Register of Shipping as representing the 
engineers and shipbuilders of the North-East Coast for a further term of 
four years. 



AWARDS TO GRADUATES. 

The President also announced that the Council had awarded the 
first prize for papers read before the Graduates' Section during the 
tenth session of the Institution to Mr. Andrew Young, the prize 
paper being "Notes on the Launching of Vessels." The second prize 
to be divided between Mr. W. Oxton for his paper on " A few Points of 
Interest concerning Pumping Arrangements," and Mr. A. L. Porster, for 
his paper on " Some Points in High Speed Engines." No gold medals 
were awarded for the papers read last year before the general body of 
the Institution. 



Mr. Andrew Young replied to the discussion on his paper entitled 
" A Brief Outline of the Theory of the Rolling of Ships." 

The discussion on Mr. Caws's paper on " An Account of some Experi- 
mental Studies of Ship Acceleration and Fluid Resistance " was opened. 

Mr. W. C. Mountain read a paper on " The Design and EflSciency 
of Plant for the Transmission of Power by Electricity." 
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REPLY TO THE DISCUSSION ON MR. ANDREW YOUNG'S 
PAPER ON '*A BRIEF OUTLINE OF THE THEORY OF 
THE ROLLING OF SHIPS." 

Mr. Akdbew Young, replying to the discussion on his paper, said he 
had to thank those gentlemen who did him the honour of reading his 
paper, when as yet it was a Graduate production, and considered it of 
sufficient interest and value to lay before the senior section of the Institu- 
tion. He had also to thank those members who, in the discussion, 
expressed their appreciation of his labours. In opening the discussion, 
Mr. Sivewright stated that at one time he had consulted many papers on 
the rolling of ships, but had found that the questions of proportions and 
stowage of cargo were not included in these investigations. Now, he 
thought if Mr. Sivewright examined them more closely he would find that 
both Froude and Bertin dealt with these matters very fully ; indeed, any 
investigation in which they were neglected would be practically useless. 
Fronde's equation for the angle of deviation involved the still water 
period, which, of course, depended upon the metacentric height and 
moment of inertia ; the effect of resistance which was partly dependent 
on the vessel's form was also included as explained in his paper. Mr. 
Sivewright's objection to bilge keels was only based upon their additional 
skin friction, but a simple calculation would show that for an ordinary 
cargo v^sel the horse-power required to overcome this would be very 
trifling if the plane of the bilge keel, as pointed out by Mr. Thompson, 
was suitably disposed, «.&., diagonally, so as to produce a diagonal line on 
the shell, which was regarded by Prof. Rankine as the path of a particle 
of water during its passage past the ship. He was certain that any 
reduction in speed on account of bilge keels was quite inappreciable. Mr. 
Fothei^ill raised a question as to what size the bilge keel for a given ship 
shoold be. No definite rule could be given for the breadth, or rather the 
resisting area; for it was a question of disposing this area to most 
advantage, ».«., as far as possible from the axis of oscillation, so that a 
short broad keel on the bilge would be more efficient than a long 
narrow one extended beyond the bilge. In practice the breadth was 
necessarily limited by the considerations referred to by Mr. De Rusett, 
and he could not understand why, if they v/ere kept within the rise of 
floor line and moulded breadth line, they should prove a source of danger, 
an opinion held by Mr. Fothergill and also Mr. Sivewright. Summing 
np the remarks of the speakers on this matter, the balance of the 
testimony appeared to be in favour of keels, and this result of experience, 
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it which the case cited by Mr. De Boflett of the dincher-biiflt 
mi fishing cobles afforded an interesting illustration, was thoroogUy 
roborated by theoretical and experimental enqniiies, which showed 
to increase the moment of resistance was the sorest method of preventi 
increase in amplitude of rolL The method proposed by Mr. HiU, f^ 
diminishing the stiffiiess of a ship, was certainly boond to be 
effective, and had the advantage of securing additional propeller 
mersion. Its adoption must prove benefidal in easing her motions 
tend to less frequency of coperiodicity. Tet -he would hete em; 
what was brought out in the paper ; that^ although these qualitieB 
be secured by increasing the moment of inertiai yet the capaoitj fi 
energy was thereby increased ; and consequently when onoe the ship 
on the swing, so to speak, the resistance of tibe water would have 
effect in preventing increase of amplitude ; and the more so in a 
moving light ship, as clearly brought out by, Mr. Hdk, in lAioh 
moment of resistance was smaU on account of her comparatively dttBo^^' 
draughts. He did not mean to say that tim would be an objection to 
adoption of the tank in the ship instanced by Mr. Hill, for her 
65 inches of metacentric height was ample— periiaps too much— under 
circumstances. He thought it might be of interest in ocmneotion 
this subject if Mr. Hill would kindly favour them with her attain' 
opinion of her behaviour with the tank full, as compared with the 
condition. He was quite jffepared to admit with Mr. Hdk that 
of which he stated the principal, might be urged against the assom; 
made in the theory as it stood at present — assumptions and 
which were fully recognised by its propounder. But though admittiiv 
these imperfections and acknowledging the authority of M. Bertin, from 
whose recent paper Mr. Hok quoted, he felt certain (only, however, frtan 
what he had been enabled to read of the matter) that their knowledge of 
the subject had been considerably advanced, but might require further 
experimental verification to obtain a more general acceptance. He con* 
sidered that the design and arrangement of 14,000 tons of fighting 
material as worked into a first-class battle ship could not be proceeded 
with with the same degree of confidence as to behaviour at sea if the 
designer were in complete ignorance of the principles, with their resolta 
as elucidated by Mr. Froude. He now desired to express his thanks to 
the Institution for the courteous attention which had been given to his 
paper. 

A vote of thanks was accorded by acclamation to Mr. Young for his 

paper. 
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DISCUSSION ON ME. CAWS'S PAPER ON "SHIP 
ACCELERATION AND FLUID RESISTANCE." 

"He following oommumcations were read by the Secretary : — 

London, 
^Kab Mr. Duckitt, January lUh, 1895. 

I am sure that all who have listened to, or read, the paper by Mr. 
^™iik Caws upon " Fluid Resistance," must be impressed by the ingenuity 
^^d patience which he has brought to bear upon the experiments 
P^'^ormed by him. 

The subject he has been investigating is, both in theory and practice, 
*^ extremely diflBcult one to analyse with any great degree of accuracy, 
^^t l^r^ Caws has given us what he considers an absolute and unerring 
r^alt. 

In model experiment it is very necessary to be accurate in our 

^^aaiirements, since for example the gross I.H.P. of a 405 foot ship is 

S^iierally 9 or 10 millions of times as great as the net I.H.P. of a 

^ ^oot model ; so that any error brought into the model experiment is 

^t>le to be multiplied by a considerable amount when transformed into 

V^^ctice. 

The gist of Mr. Caws*s paper, as I understand it, is to state that after 
^y given interval of time, while getting underweigh, the velocity of 
^ model of given displacement and power is independent of the shape 
^^ the model until the maximum speed due to the power is attained. 
^ statement implies that the difference in the amount of the mass of 
^r that has to be set in motion by a fiiU ship and a fine ship respectively 
iw8 not affect the performance until the fuller vessel has reached her full 
^P^ It implies that a vessel towed broadside on will start as easily, and 
at first make way as rapidly as one towed in the usual manner, notwith- 
standing the difference in the wave-masses set in motion in the two cases. 
The statement is a somewhat startling one, but based, it seems to me, 
upon insufficient data. The possibility that " errors of observation " may 
aooomit for something claims consideration ; and when it is borne in 
mind that the whole fluid resistance due to a 10 foot model of a 240 foot 
ship at speed corresponding to 9 knots, would, if doubled, only affect the 
aooelerative run by about the 100th part of a second, one can easily see 
how in making allowance for inertia of pulleys, towUnes, etc., an error 
of minute amount, but of important influence, could be introduced into 
the cakolations. 
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The inertia of the modeh, weights, and pnllejB, as well as friction of 
air and bearings, all tend to overshadow, as it were, the real quantity 
sought after, which is like a speck of gold in a mass of quarts, and it 
seems as if in Hm case some of the gold had been lost with the quartz. 

Tours faithfully, 

J. DmrHOLic Touhg. 



SUVDXRLAHD, 

DsAB Mb. Duokitt, January 14ft, 1895. 

I think we are greatly indebted to Mr. Caws for this paper, for he has 
been good enough to give us an insight into the train of reasoning by 
which he arrived at the fallacy on which his eztnundinary laws of motion, 
propounded in his previous paper, and his experimental tank are baaed. 

When I listened to his previous paper I was at a loss to understand, 
not what his laws of motion were, for Uiey were stated {dainly enough, 
but how he had discovered them. However, this paper, which certainly- 
ought to have preceded his first paper, gives us the due, and for this w^ 
owe him a debt of gratitude. 

To explain the trap into which Mr. Caws has fidlen, and whicb 
resulted in the creation of his laws of motion and his experimental tanl; 
I shall deal with the question which he asks himself on page 97 : '* Now, 
how far will this similar other weight, F, fall through air in time = 1 
while the weight B is falling through water, the vertical distance = 1 ?'* 

About two hundred years ago anyone well conversant with dynamics 
could have answered this question. It will be well-known to many in this 
room that Newton not only discovered the theory of the motion of bodies 
falling in fluids, but also amply verified his theory by numerous experi- 
ments. But, for the benefit of those who may not be conversant with 
Newton*s labours in this matter, I may be permitted to give a brief outline 
of them, at least so much as has any direct bearing on this paper. 

Newton verified his theory by letting faU globes of different denaities 
and diameters in air and water. From these experiments he dis- 
covered, Ist, that the resistances varied as the densities of the fluids; 
2nd, that the acceleration was not uniform, but decreasing, first very 
slowly, then more rapidly, and then very slowly again, until it became nil 
when the falling body had attained uniform speed ; and 3rd, that the 
resisted motion was not parabolic, as in the case of unresisted motion, but 
logarithmic. 
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*^^ order to show the results of his investigation graphically, I have 

-^les^^^^d. the appended diagram (Plate XIV.). Curve A represents the 

-^evocvty in resisted motion, which, when uniform, attains the value 1. 

^^^^ ^ is the space described by the unresisted body, and curve C is 

^^ ^t the resisted body. 

^^^, according to Mr. Caws, the acceleration is a constant quantity 

^^gliout, and the unresisted and resisted bodies fall through equal spaces 

°^^d the resisted body attains its maximum speed. From this it follows 

^^ curve A should be a straight line, and curves B and C coincide. My 

^^S^^m shows how very far this is from the actual truth. If you look at 

^ ^ curves appended you will find that up to a certain time interval, say 

S^t-tenths, the velocity curve A is practically a straight line, and 

,^® space-curves B and C practically coincide, but that after this time 

^*^rval the velocity curve A departs considerably from a straight line, 

^^ gradually attains its maximum value = 1, and the space curves 

^d C diverge more and more. 

Everybody will now understand how Mr. Caws has been deceived. 

^ply by imagining that the full speed condition of his model was 

T^hlished long before it ever occurred. You will find from the sketch 

^ Mr. Caws's paper that his model travelled about twice her own length, 

^^ this length he deemed sufficient for attaining full speed. Now, New- 

^^8 globes fell from ten to twenty times their diameter before attaining 

^^ything like full speed, and I have made numerous experiments on this 

P^Uit in the tank kindly erected for me by Mr. Laing, and I find that a 

^ not of two, not even of four or six times the length of the model, 

^ces for attaining full speed, and this fact is plainly visible to the 

Baked eye without any special instrument for discovering it whatever. 

So it may be accepted as perfectly certain that Mr. Caws has unfor- 
tunately experimented on only that part of the motion where the velocity 
carve is approximately straight, and the space curve in resisted and unre- 
osteA motion practically coincide, and has in this way been lamentably 
deceived. And yet this is very strange, for one can very well read be- 
tween the lines that Mr. Caws himself was very much in doubt whether his 
models really attained full speed or not. For in one part of the paper he 
writes : " And in many such experiments the D and W had nearly or quite 
attained their mftyiinnTn speed ;" and in another place, " In some cases 
the full speed of ships was reached or nearly reached." Well, at the time 
interval eight-tenths, above which it is probable that Mr. Caws did not 
experiment, the speed of Newton's globes was only two-thirds of their 
maximnm speed, and they required to travel a distance fifteen times as 
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^ ^^Tce, acting upon the model or weight, was constant ; at which, he 
^^ admit, he was rather astonished. For what were the forces acting 
^117 instant on the weight whose motion they were considering ? 



■— A 



plj gravity, the resistance which the model encountered, and the 
ional resistance of the apparatus itself. Now, according to strict 
«y^^^inical law, the acceleration, which was the visible effect of the forces 
g upon a body was proportional to these forces. If it were the case, 
A4r. Caws maintained, that the acceleration was constant, then, omitting 
ion of thie apparatus, the two other forces, gravity and model resist- 
must be constant at every instant ; but the instantaneous velocity 
the model was varying from point to point, and it was difficult to 
icve that the resistance remained constant under these circumstances, 
did not produce a corresponding effect upon the acceleration. 80 
(Mr. Young) was disposed to suspect that there had been some slight 
^^^3CL;perfection in observation or analysis of the results, which had failed to 
a result more in harmony with what theoretical considerations would 
them to expect. He must take this opportunity of frankly saying 
tlx^t he considered Mr. Caws's views as to the extension of the use of 
terms "potential" and "kinetic" to force and motion was most 
fusing and really of no value. They did not require such phrases 
"kinetic" and "potential" motion, indeed they were meaningless. 
*^^ description of the experiment which occupied the first part of the 
P^per was in itself interesting; but he did not think that the 
analogy or illustration the author brought forward of the motion 
^^ bodies falling in air and water had given them any clue to the 
^tiethod he adopted for measuring the resistance of the model in the 
^•^nk at a given speed, which was really what they wanted to know. 
*- *i.ere was much, also, in the paper which might not be very clear to those 
l^iiacquainted with the writer's system of dynamics. He thought 
^ ^ight be interesting, perhaps, to have a fuller discussion of the 
^^aoarkable equation C = K + P, in which K = P = half truth and 
^ whole truth. This appears somewhat axiomatic. There might, 
^^^ver, be a hidden meaning in it which was not quite apparent. He 
^^Id like to know the distinction between a full grown speed and a 
«^ climax, and why the author assumed that everyone admitted 
^kration and resistance to be reciprocal forces. Resistance he recog- 
^^ to be a force, inasmuch as it affected motion ; but he always 
^erstood that acceleration meant change of velocity. Now, this might 
appear a little hypercritical, but he did not think that these points 
^Dld be allowed toj^pass unnoticed. He valued and appreciated 
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Mr. Caws's endeavours to bring the experimental study of ship resist- 
ance within the reach of every shipbuilder interested in the matter, 
and he (Mr. Young) ventured to express a belief that the method 
here described might, if the results were properly analysed, be 
made to yield more fruit than the pendulum meters which Mr. Caws 
employed at Sunderland. Last year he had the privilege, through 
the courtesy of its inventor, of witnessing an experiment made there, 
and it occurred to him that the whole object of the experiment was 
to measure accurately the acceleration when the model was passing 
through the vertex of the pendulum under the action of a given motive 
force, and at a known velocity. He considered that this might be 
done by means of a falling weight whose motion, and thus velocity might 
be automatically recorded by a method such as employed by Morin in 

ds 
connection with Atwood's machine, the velocity or ^ being found by 

drawing tangents to the space-time curve. If the value of these tangents 

be plotted as ordinates to a new curve, the tangents to this new curve 

cPs 
would give a measure of ^, *>., the acceleration to which the resultant 

force acting on the body was proportional. Now, the acceleration due to 
gravity acting on the weight was constant, and that due to the frictional 
resistance of the apparatus might be found separately by experiment, so 
that the remainder would represent that due to the resistance of the 
model which may thus be obtained at any speed given by the curve 

ds 
of ^- . He feared, however, that the precision required for the observa- 
tions and tangent-drawing might prove, in actual experiment, to be 
rather a serious obstacle to the success of such a method. 

Mr. Caws's reply to the discussion was deferred. 
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THE DESIGN AND EFFICIENCY OF PLANT FOR THE 
TBANSMISSION OF POWER BY ELECTRICITY. 



By W. 0. MOUNTAIN, Mbmbbb op Council. 



[H.:r^d bbfobb thb Institution, in Nbwcastlb-upon-Tynb, on 

Januaey 16th, 1895.] 



The w^ter of this paper proposes to generally describe the system of 

0Qjrryi^S ^^vi a transmission of power plant by electricity, and to do this 

thoro^S*^y it is necessary to commence the subject from the beginning, 

^nd ^ ^^scribe the various units used by electrical engineers, and their 

2^ppUc»*^^ti to the subject. 

1b.e "pTacfcical units, which correspond to the pressure and foot-pounds, 
-^ t^ged ^y engineers, are the volt, the ampere, the ohm, and the watt. 

^bc Volt, the unit of electro-motive force or pressure, is usually 
^^ttett E,M.F. The legal volt is the electro-motive force which main- 
^jqXP^ * ^^^Urrent of 1 ampere in a conductor whose resistance is the legal 
otm^' ^^ speaking of volts or E.M.F., the electrical engineer uses this 
leTtxi ID the same way that an engineer, accustomed to steam practice, 
X10SS pounds pressure per square inch, and when he speaks of a machine 
giving an E.M.F. of so many volts he means that the machine gives an 
electrical pressure which, to an engineer, conveys the idea of so many 
pounds pressure per square inch. 

The volt is equal to one hundred million (100,000,000) C.G.S. units 
of E.M.F., or about 7 per cent. less than the E.M.F. of a standard 
Danielb cell (the E.M.F. of a standard Daniells cell being about 1*1 
volte), which is, as is well known, a primary battery consisting of copper 
and zinc elements, the copper being immersed in a solution of sulphate 
of copper, and the zinc in a solution of sulphuric acid and water, the two 
elements being divided by a porous pot. 

E.M.F. is equivalent to the difference of potential between two points. 

The ampere, the unit of current, is described practically as that 

amomit of current which decomposes '00009324 gramme of water per 

second, or deposits 4*025 grammes of silver per hour. 386*4 amperes will 

deposit 1 lb. of copper per hour. 
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The ohm is the unit of resistance, and is equal to the resistance of a 
colnmn of pure mercoiy 1 square millimetre in section and 106 centi- 
metres' long, at a temperature of melting ice. 

To still further convey the meaning of these units, and provide for a 
practical way of applying them, a further unit, the watt, is used, the watt 
being equal to one volt-ampere. A watt or volt-ampere represents the 
amount of work done by the dynamo or generator in a second ; and 
assuming that a dynamo is giving a current of 100 amperes at an E.M.F. 
or pressure of 100 volts, these multiplied together equal 10,000 volt- 
amperes or watts, total output of the machine. 746 watts or volt-ampdres 
are equal to one electrical horse-power, and correspond to the 88,000 
foot-pounds per minute used in engineering as the standard horse-power. 
Therefore in order to ascertain the horse-power required to drive a 
dynamo to any given capacity, the total numb^ of watts have to be 
divided by 746, which gives the electrical horse-power gen«»ted. Of 
course as no dynamo is capable of giving out the whole of the power pat 
into it, the electrical and commercial efficiency of the machine has to be 
taken into consideration, but as good dynamoib of reasonable size are 
capable of converting 96 per cent, of the actual power put into them 
into electrical energy, and also as the total commerdal efficiency of good 
machines is as high as 90 to 98 per cent., and in some cases slightly 
higher, it follows that t|ie formula for working out the actual power 
required to drive a dynamo giving 100 amperes at 100 volts is, assuming 
the efficiency at 90 per cent., 

10,000 X 100 _ 
746 X 90 " ^^ ^^' 
say, 15 horse-power on the dynamo pulley for a dynamo generating 
10,000 watts, or what is known as a 10 unit machine. 

This power is usually described as brake or effective horse-power, and 
of course the indicated horse-power necessary to produce a given brake 
horse-power varies in different makes of engines, but assuming that the 
brake horse-power of an engine — to be on the safe side — is 75 per cent, 
in small engines, in larger engines the efficiency ia considerably greater, 
and reaches in many cases as much as 90 per cent, of the total indicated 
horse-power; an allowance equal to this has to be made between the 
brake horse-power and the indicated power in estimating the size and 
power of the engine required. 

Having described the units used in the practical application of 
electricity to lighting or to motive power purposes, a short description 
of a dynamo and electric motor is necessary, and in order to clearly 
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explain L\xe construction of a dynamo and electric motor the diagram on 
Plate XV^ is given. 

On r<^:f erenoe to this diagram it will be noted that the revolving por- 
tion piac5i^i^ between the field magnets, which is called the armature, is 
marked _^^ The armature core is composed of charcoal iron discs, 
mounted ^pQ^ gnn-metal driving horns, and secured firmly to the 
spindle; f\^Q armature conductors are wound upon the periphery of 
the oore» ^^^ jj^ ^^j^^g^ conductors the E.M.F. and current are generated, 

^ ^I^xesents the conmiutator, which is usually constructed of hard 
drawn Ci^:> jpgj, segments insulated with mica, and mounted upon a sleeve, 
there bfei^j-jg several methods of securing the sections to the sleeve, but the 
one rep^t'^sented, viz., by V's, is extremely satisfactory in practice. The 
annatuf ^ and commutator are mounted upon the spindle marked S, which 
runs m t^^^ bearings, and it is advisable in all dynamos that these bearings 
should l>^ adjustable, and fitted with means of perfect lubrication. 

^^^ letters F M represent the field magnets, and in the particular 
diagrairx shown the field magnets are represented as being of the horse- 
BDoe tyx^^ with the coils placed above the armature. It is always advis- 
able to j>]ace the coils above the armature if possible, as it prevents any 
possibility of oil getting upon them whilst running. In order to obtain 
a high efficiency in the machine it is necessary to make the field magnets 
of a ni^.^jyg section. This also has the effect of causing the machine to 
^^'^ without sparking, assuming the armature to be suitably proportioned. 
^ -M; C represents the field magnet coils, which should in all cases be 
wound xxpon independent bobbins, so that they can be removed from the 
machine for repairs if necessary. 

^^^ end view of the machine, shown in Plate XVI., represents the brush 

conneetious and the method of collecting the current from the couMuuta- 

tor aa^ conveying it to the terminals. It will be understood that the 

correat jg generated in the armature, and flows from the armature con- 

nectiati^ to the commutator sections, and is there collected by the brushes. 

'^ electric motor is an exact counterpart of a dynamo, and the laws 

wnich govern the design of first-class dynamos apply equally to the design 

01 electric motors, and it is very often a matter of convenience in ordering 

transniiggJQjj of power plants, where one dynamo and one motor are used, 

^^Ve the machines constructed identically as regards the armature, 

"^^ it necessitates but one spare armature, which will fit either 

^^e when required. 

'^en the armature is made to revolve by a belt or steam engine 
co^M direct, the armature wires cut the weak lines of magnetism which 
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remain in the field magnets, the magnets of coarse being made of eithei 
soft steel or wrought iron. A weak E.M.F. is set up in the armature, an 
this sends a slight current through either the shunt or series windings, wit 
the result that the strength of the magnets is slightly increased, this agai 
increases the E.M.F., and on the machine attaining its full speed th 
magnets are quickly magnetised to saturation by the current flowin 
round them from the armature, and the full E.M.F. of the machine : 
then obtained. 

It follows that if a current of electricity is sent round the fie' 
magnets and also through the armature of a similar machine, that a n 
action is set up and the armature begins to revolve and quickly runs eM 
speed corresponding to the speed of the dynamo, assuming that tz 
windings are suitably proportioned. 

In order to explain this clearly a dynamo and motor identically cc? 
structed are exhibited. It being impossible to drive the dynamo, the fii 
machine is therefore driven as a motor by a current of electricity obtaine 
on the premises. This causes the machine to revolve and it drives b 
belt on to the second machine, which in this case is a dynamo, produceE 
a current of electricity lighting incandescent lamps as exhibited. 

A well constructed dynamo has the important property of being 
practically self-regulating, that is to say, that the machine absorbs powei 
to drive it exactly in proportion to the output it is called upon to give 
and does not take, as is generally supposed, the same amount of power t^ 
drive whatever its output may be. It would involve a very length; 
explanation to describe exactly why this takes place, but probably th 
simple statement that a dynamo is a machine generating an electric 
motive force, and that this force drives the current through the motor c 
lamps in accordance with the resistance opposed, generally describes whs 
takes place. As an example, we will assume that a dynamo is supply in 
current to one motor, its normal electro-motive force is 100 volts, an 
that the resistance offered by the motor and its circuit is 10 ohmi 
it follows that a current of 10 amperes will flow through the motor givin 
approximately | of a horse-power on the motor ; if another motor i 
switched on into circuit then another path with a resistance of Ii 
ohms is opened for the current and 10 amperes flow through this path 
and so on until the whole capacity of the machine is taken up, the limi 
of current which the machine will give being decided by the sectiona 
area of the conductors on the armature and field magnets and also th" 
sparking of the machine, because if a machine is too heavily loaded th 
armature and field magnets will heat and the machine will spark badly. 
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A. t3c^otor has very similar properties to a dynamo, and will give power 

in pTO'^X)rtion to the current that is passing through it, but assuming 

that' tcx:> much work is taken out of the motor then the machine will start 

heatin^^- and sparking, owing to the current through the armature and 

magnfetiijg being too great. 

Froxn the above it will be seen that for all transmission of power 

plante it ig advisable to have the motors well above their work, and the 

bulk o:F the failures in electric transmission of power plants which are 

heard of from time to time arise purely from the fact that motors far too 

small for the work are used. If a purchaser wishes to put down a steam 

engine he usually buys an engine well above its work, but if he buys a 

motor he generally specifies a machine capable of just doing the work 

fsqiired with no margin whatever. A steam engine wiU struggle on if 

heavily loaded, and if the load is altogether too great will stop, no great 

harm happening, but an electric motor will struggle on and finally 

bum up. 

Having described the dynamo, the next thing to be considered, before 

coming to the actual question of designing an electrical transmission of 

P^^er plant, are the cables, and for future reference the table on the next 

P^e is given of sizes, sectional areas, carrying capacity at a density of 

1)000 amperes per square inch, and resistance in ohms per statute mile. 

In laying down a transmission of power or lighting plant it is neces- 

^^ to consider the loss of watts and volts in a cable, as it is very often 

necessary to proportion the size of the cable so that a certain number of 

^atts or VQit^g apg logt^ and the following rules will be of service : — 

^ules to Find the Loss in Volts in a Cable. — The volts lost in a cable 

^^y length may be found by multiplying the resistance of the cable by 

^^^nt flowing. It must, of course, be remembered in making this 

Nation that the distance between the dynamo and motor is doubled 

. ^ ^ble on account of the return conductor ; if, therefore, the motor 

^ mile from the dynamo, the total length of cable will be one mile. 

Example. 
^ find the loss of volts in a 7/15 cable, that is, a cable composed of 
^ ^ires. No. 15 L.S.G., 1 mile in length, with a current of 29 
^^ (*.«., approximately 1,000 amperes per square inch section of 
1^5^^) resistance of 1 mile of 7/15 cable equals 1'498 ohms. 
1-498 X 29 amperes = 43*442 volts lost. 
I^ tiQay be taken as a general rule (sufficiently accurate for ordinary 
P^^) that there is a loss of approximately 2^ volts per 100 yards in 
caolea ^i^^jg ^he current density is 1,000 ampferes per square inch section 
of copper. 



Pabticulabb op Conductors. 



Legal 

Stand- 
ard 
Gauge. 


Diameter of 
each Wire. 


Diameter of 
the Strand. 


Sectional Area. 


Weight. 


Resist- 
ance. 


Ca 
Ca 


Inches. 


ml 
Itn 


Inches. 


m/ 
/ m 


9q. Inches. 


s<i."/« 


Per Mile 
iuLbe. 


Ohms. 


Ar 


7/22 


•028 


•711 


•084 


213 


•0044 


2-838 


90 


9-908 




7/21 
7/20 


•032 
•036 


•818 
•914 




096 
108 


244 
2-74 


•0057 
•0072 


3-703 
4690 


117 

148 


7-596 
5-998 




7/19 
7/18 


•040 
•048 


102 
1^22 




120 
144 


304 
3-66 


•0089 
•0129 


5-786 
8-321 


183 
263 


4^861 
3-380 




7/17 
7/16 


•056 
•064 


142 
162 




168 
192 


4-27 
4-88 


•0176 
•0230 


11-35 
14-83 


358 
468 


2-477 
1-895 


• 
i 


7/15 
7/14 


•072 
•080 


1-83 
2-03 




-216 
240 


5-49 
610 


-0291 
•0359 


18-77 
23-16 


592 
731 


1-498 
1-214 


i 


7/13 

7/12 


•092 
•104 


2-34 
2-64 




276 
312 


701 
7-93 


•0475 
•0607 


30-64 
39-16 


967 
1235 


•9179 
-7183 


( 


7/11 
7/10 


•116 
•128 


2-94 
326 




348 
384 


8-84 
9-76 


•0755 
•0919 


48-70 
69-28 


1537 
1870 


•5776 
•4744 


4 


19/22 


•028 


•711 




140 


8*56 


•0120 


7-741 


244 


3-634 




19/21 
19/20 


•032 
•036 


•813 
•914 




160 
180 


4-07 
4-57 


•0156 
•0198 


10-06 
12-77 


318 
403 


2-795 
2-202 




19/19 

19/18 


•040 
•048 


ro2 

1-22 




•200 
•240 


508 
6-10 


•0244 
•0351 


15-74 
22 64 


497 
714 


1-786 
1-243 


4 

t 
« 


19/17 
19/16 


•056 
•064 


1-42 
1-62 




•280 
•320 


7-11 
813 


•0479 
•0625 


30-90 
40-32 


976 
1272 


-9103 
•6976 


< 


19/16 
19/14 


•072 
•080 


1-83 

2-03 




•360 
'400 


914 

10-16 


•0791 
•0976 


61^03 
62-96 


1610 
1987 


•5512 
-4467 


1 


19/13 

19/12 


•092 
•104 


2^34 
2-64 




•460 
•520 


11-68 
13-22 


•129 
•165 


83-22 
106-4 


2625 
3358 


-3380 
-2642 


1 
1' 


19/11 
19/10 


•116 
•128 


2-94 
3-25 




■580 
•640 


14-73 
16-26 


-205 
•250 


132-2 
161-2 


4173 

5090 


•2126 
-1744 


2- 
2 


37/19 
37/18 


•040 
•048 


1^02 
1-22 




•280 
•336 


711 
8-53 


-0477 
•0686 


30-77 
44-25 


971 
1396 


•9140 
•6365 


( 


37/17 
37/16 


•056 
•064 


1^42 
1-62 




•392 

•448 


9-96 
11-38 


•0934 
•122 


60-25 
80-70 


1901 
2483 


•4667 
•3574 


1 

l: 


37/15 
37/14 


•072 
•080 


183 
203 




•504 
■560 


12-80 
14-22 


-154 
•191 


9935 
123-2 


3134 

3887 


•2831 
•2283 


1; 

11 


37/13 

37/12 


•092 
•104 


2-34 
2-64 




•644 

•728 


16-36 
18 49 


-252 
•322 


162-5 

208 


5129 
6554 


•1730 
•1354 


2, 

3: 


37/11 
37/10 


•116 
•128 


2-94 
3-25 




•812 
•896 


20-63 
22-76 


-401 

•488 


259 
315 


8160 
9931 


•1087 
-0893 


4( 

4: 


61/18 
61/17 


•048 
•056 


1-22 
1-42 




•432 
•504 


10-97 
1280 


•113 
-154 


73^00 
99-35 


2300 
3134 


•3859 
-2831 


1 
1. 


61/16 
61/15 


•064 
•072 


1-62 
1-83 




•576 
•648 


14-63 
16-46 


-201 
-255 


120-6 
164^5 


4091 
5189 


-2109 
•1710 


2 
2 


61/14 
61/13 


•080 
•092 


2-03 
2-34 




•720 

•v^28 


18-29 
21 •OS 


•315 
•416 


203 
268 


6410 
8467 


•1384 
•1048 


3 
4 


61/12 
61/11 


•104 
•116 


2^64 
2-94 


1 


•930 

•044 


23-77 
2(Vo2 


•532 
•061 


343 
426 


10820 
13450 


-0819 
•0659 







61/10 


•128 


3-25 


1 


•152 


2926 


•805 


519 


16390 


•0541 


b 
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R^le to Fififi Loss in Watts or Volt-ampkes in a CdbU. — A further 
™^ whieh will be of service in calculating the watts lost in any length of 
^^K is the following : — First, square the current — i,e.^ multiply the 
^^^t flowing in ampdres by itself, and then multiply by the resistance, 
^hich wai give the Watts lost in the cable. For instance :— 

Example. 
To fiu(j the watts lost in a 7/15 cable when carrying a current of 29 
^Peres. 29 x 29 amperes x 1-498 ohms = 1,259-811 watts lost. 

^^ is therefore necessary, in estimating the size of generator re- 

" ^^ed to drive a motor, to add to the actual watts required at the motor 

^"^^inala the watts lost in the cables, and also the generator must be 

^structed to give at its terminals an E.M.F. equal to the volts lost in 

^ ^bles, plus the volts required at the terminals of the motor. By 

^t^ably proportioning the size of cable to the work to be done it is 

V^^ble to make the power consumed in the cables anything that may be 

'^^ired, tut it must be borne in mind that by unreasonably increasing 

^ ?ize of the cable, and thus reducing the loss, a point is soon reached 

-^ ^hich the first cost of the cable will be so high that the saving will 

^ economical. 

Class of Cables. 

^ ^liere are, of course, many descriptions of cables suitable for trans- 

^ -"^on of power work — t.^., as regards the insulating substance, but the 

^ ^ ^r does not recommend that any cable should be used with an insula- 

^^ ^^ reastance of less than 800 megohms per statute mile. This is a 

^^ ^ble insulation for all voltages up to, say, 200 ; exceeding 200 and up 

^^0 the insulation resistance of the cables should be not less than 600 

^^^^bms per statute mile ; and for a higher voltage, particularly if 

^^^ is any damp, the insulation resistance should be not less than 2,000 

^^luns per statute mile. 

^ megohm it may be here mentioned is the resistance equal to one 

. ^*^ion ohms, and the resistance of a cable is usually taken by immersing 

. ^ 5alt water for 24 hours, and then taking the insulation resistance 

^^een the conductor and the earth. 

^^ons classes of insulating materials are used for the insulation of 



^^^^ as under:— 



1. Pure india-rubber. 

2. Yulcanized india-rubber. 
9. Yulcanized bitumen. 



4. Bituminized fibre. 

5. Paper. 
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Other substances have been used with more or less success, but the 
above may be taken to fairly represent the standard substances in use. 

For lightly insulated cables pure india-rubber is sometimes used, but 
for general work the writer does not recommend this class of insulation, 
and strongly advises that vulcanized india-rubber be adopted. Bitumen 
is largely used for colliery work, but cables of this description are generally 
armoured with galvanized iron wire or steel tape, and the writer would 
not recommend the use of bituminized covered cables except when a pro- 
tection of this class is used. 

Cables insulated with bituminized fibre are also largely used for trans- 
mission plants, and Mr. Siemens in his paper before the Mining Institute 
showed a class of cable of this description which he used throughout his 
works. 

Bituminized fibre is necessarily a substance which would very quickly 
absorb damp, and may be described as a mechanical insulating material, 
as it will mechanically stand a considerable amount of knocking about, and 
is only a thorougly good insulating material when dry; it has therefore to 
be protected by being drawn into a lead pipe, and may be then either 
braided or compounded outside the lead or, as is most usual, armoured 
with galvanized iron wires or steel tape. The paper insulation has 
practically the same properties as the bituminized fibre, and must be pro- 
tected with lead, and if liable to injury must be further protected by 
galvanized iron wires or steel tape. 

If it is proposed to run the cables along a workshop, in casing, or 
to secure them by cleats or support them on insulators, then cables 
insulated with vulcanized india-rubber, or even pure india-rubber in very 
dry places can be successfully used, but if it is desired to lay the cables 
underground, then they should either be lead covered, or preferably lead 
covered and armoured. Where cables are liable to mechanical injury, t.e., 
in an engine shop or a colliery, it is advisable to have them further 
protected by galvanized iron wires or steel tapes, and the cables are 
generally further protected by a thick covering of hemp coated with 
preservative compound. It is advisable also to run the cables in wood 
casing, the casing to be grooved and fitted with a cover. 

Efficiency of Motors. 

Before any general scheme can be laid down, and also before the 
output of the dynamo can be calculated it is necessary to take the actual 
watts required at the motor terminals, and to add to this the watts lost in 
the cables themselves conveying the current from the dynamo to the 
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IqtSj a^Ki.<i the following table is given, showing the approximate 
cicncie^ of electrical motors of varying horse-powers, with the watts 
.|j£red ^-fc the terminals of the motors at the efficiencies given, to pro- 
f.Q one ^fifective horse-power on the motor shaft. 

.^"^Sffectire Oommerclal Horse-power 

^L^Me-vower Effldenoy. required at 

of Motor Per Cent. Terminals. 

50 and upwards ... 90 ... ... 829 

40 ... ... 88 ... ... 848 

2u ••• >•• oo ••• ... o7o 

XO • • • ... d/ ... ... «/\/4 

O ... ... iO ... ... Mov 

S ... ... 70 ... ... 1*066 

1 ... ... 65 ... ... 1,148 

^ ... ... 60 ... ... 1,244 

X ••• **■ *^0 ««• ... LjOOl 

■ ... . • • tJ\J ... • • • X fxw^ 

Asm example let it be assumed that it is intended to drive a motor 440 
ywdfi away from the dynamo, i.e., a quarter of a mile, and the motor is to 
give 25 effective horse-power, with an efficiency of 85 per cent, the formula 
there is as under : — 

25 effective horse-power X 878 watts per horse-power = 21,950 
^ttfi at motor terminals. 

^^e voltage at wliich it is proposed to work at the motor must then 
be assumed, and in this case let it be taken at 300 volts. 

Kviding the total watts, viz., ^ = 73*16 amperes required to 
feed the motor. 

On reference to the table of conductors it will be found that a suitable 
cable, assuming a current density of 1,000 amperes per square inch, 
would be one composed of seven wires No. 11 L.S.G. with a resistance 
of '5776 ohm per statute mile, the length of the cable being half a mile, 
i>^ to the motor and back, it therefore follows that the resistance of 
these mains would be -2888 ohm. 

Taking the formula already given for finding the loss in watts in a 
cable, !>., multiplying the current by itself, or squaring it and multiply- 
ing by the resistance of the cable, it will be found that : — 
73*16 amperes x 73*16 amperes x *2888 ohm resistance =1,546 watts lost. 
The watts lost must now be added to the watts consumed by the 
motor, as under, viz. : — 

Watts consumed by motor 21,950 

Watts lost in cables 1,546 

Total 23,496 

Therefore the generating dynamo must be capable of giving an output in 
watte equal to the above. 
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As the current was 73*16 amp6res, all that is therefore necessary is to 

divide the watts required at the dynamo by the amp6res, which gives the 

voltage at the dynamo terminals, say, 

23 496 
Total watts ^^ ,^ = 322 volts at dynamo terminals. 
73*16 '^ 

From the above it will be noted that the loss in the cables equals, aay, 
7 per cent, of the electrical output of the dynamo. 

To find the total percentage of eflBciency, t.e., between the effective 

horse-power on the dynamo spindle and the effective horse-power given 

off at the motor spindle, the formula becomes, assuming an efficiency at 

the dynamo of 85 per cent., as under : — 

Total watts of dynamo = 23,496 x 100 ^^ «, ,. , 
j;^g gg = 37 effective horse-power 

required to drive the dynamo. 

Assuming the efficiency of the engine driving the dynamo is 85 per 
cent., i.e.y the difference between the indicated and the effective horse- 
power, the indicated horse-power of the engine will therefore be : — 
Effective horse-power required on dynamo spindle 

3I4i20 = 48-5 

indicated horse-power to drive the dynamos. Therefore the efficiency 

between the indicated horse-power of the engine and the horse-power 

given off at the motor spindle will be 

25 X 100 ^- . . 

— — — — = 57*4 per cent. 

4t5 

The writer trusts he will be pardoned for going so fiilly into t) 
formula, but it is the formula by which the efficiency of any transmiss 
of power plant is governed, and as it will be necessary to apply it to 
scheme which may have to be carried out, he thinks it will be of valu 

The drawing on Plate XVII. represents the system described al 
and on this drawing the sizes of cable are given for reference. 

Diagram, Plate XVIII., represents a transmission of power in? 
tion and shows the method adopted where electric motors are fitte 
each shop. 

On reference to the diagram it will be noted that a horizonta' 
engine marked S E drives on to the dynamo D. The cun'ent f 
dynamo is taken to a distributing switchboard marked D S B, a 
this point five branch positive mains are led to five motors place 
pattern shop, foundry, machine shop, heavy machine shop, and 
shop, the negative mains being coupled together and returni 
distributing bar on the distributing switchboard. 
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ThiB <3iagram fairly represents the arrangement that would be adopted 
-jj a woi^X&a where it is intended to drive each shop with a separate motor, 
and HJ-^y be useful as indicating the general lines upon which a plant of 
tbi^ des^^xnption should be laid down and the method, of running the cables 
^^ the ncxcDtors. 

It 'V^ould be an advantage in a system of this kind to have a separate 

^jjpere""^*=>Qeter to each circuit so that the current flowing to any motor can 

Yj^ seen ^.t a glance. This would be a further indication that the motors 

^ete 'VV'OX'ling satisfactorily, and in the event of any particular motor taking 

rtiote ^'^^irent than it should do under normal conditions, the excess 

nxiX^^^ oould be instantly checked and waste prevented. 

I>ia»gTam, Plate XIX., represents a transmission of power plant where 
ceP^^*^*^ motors are used for the large machines, and one motor for 
-i^vi^S the line shafting for the small machines. 

on "reference to the diagram the steam engine is marked S E, the 

A vU!^^^ by D, and the main switchboard by M S B. From the main 

^itcl^^oard a pair of inain cables are nin round the shop and the various 

^\ect»^^ inotors tapped off in parallel, contact being made simply from the 

.^jgiti^e and negative mains to the positive and negative terminals of the 

:iXl0t0T8- 

It will be noted from the diagram that the shop in question, which 
may be taken as representing an ordinary machine shop, consists of two 
planing machines, one large face plate lathe, one large shaping lathe, and 
one drillinc^ machine, each of these machines being driven by a separate 
motor, and six small lathes driven by a motor which drives on to the 
line shaft, the lathe being fitted with the ordinary countershaft. 

From the above diagrams it will be noted that the principles upon 
which ordinary transmission of power plants are laid out are very 
simple. 

Having considered the loss in cables and in transmitting power from 
a steam engine of small size, but of a fairly efficient type, over a distance 
of 440 yards, it becomes necessary to consider, comparing this system with 
steam ^^^f^ ^vhat the loss would be, assuming steam had been used. 

deferring to the losses due to the condensation of steam in long pipes, 
attention may be drawn to some tests carried out by Mr. Hy. Davey, 
M. Inst. C.B., on a 7^ inches diameter steam pipe, 1 inch thick, and 
l,lO0 feet long, conveying steam at a pressure of 45 lbs. per square inch 
to an underground pumping engine in the Morton Pit at Clay Cross, the 
pipes being covered with a non-conducting cement. As the result of 
cai^ol observation it was found that the condensation of steam in the 
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pipe amounted to 500 lbs. per hoar when the engine wan standing, and 
750 lbs. per hour wh^ the engine was working, eqnivalait to *I88 and 
'274 lb. per square foot of surface of pipe per hour respeddvely. 

In another experiment carried out by Hr. W. Worby Beaumont, 
H. Inst. O.E., at the Staveley Hill Collieries, it was found that in a total 
length of 2,300 feet, 1,900 feet of which was underground, and covered 
in some instances to a depth of 2 feet, with rough stuff left after catting 
away the coal, the condensation in a 6| inches pipe, 1|- inches thick, con- 
veying steam at an average pressure of 84 lbs. per square inch, was 
600 lbs. per hour with the engine standing, and 1,400 lbs. per hour with 
the engine at work, equivalent respectively to a condensation of *11S 
and '265 lb. per square foot of surface of pipe per hour. 

In dealing with the losses under the second head, viz., those due to 
the inefficient working of the engines at low loads, it will probably be 
sufficient for the present purpose to briefly consider the conditions under 
which such engines work. In most instances the engine has been 
originally put down of an ample size for the maximum power likely to be 
required from it, while the average power is in the majority of oases 
probably 25 to 50 per cent, of the maximum. Working under these con- 
ditions, especially with non-condensing engines, it is not surprising that the 
results obtained «are very uneconomical. Perhaps the most striking 
instance of the wastefulness of this method of working is to be found in 
the following tests, carried out on some small workshop engines at Bir- 
mingham : — 



(-power. 




Probable 

LH.P. at PuU 

Load. 




Arerage Actual 

I.H.P. per Hoar 

during Test. 




Coal Oongumption 

in Lbe. per I.H.P. per 

Hoiur during Test. 


4,' 








2-96 




36 


15- 




45- 




7-87 




21-25 


20- 




60- 




8-20 




22-61 


15- 




45- 




8-60 




1813 


25- 




75- 




23 64 




11-86 


20- 




60- 




19-08 




9-58 


20- 




60- 




20- 




8-50 



These figures are interesting, as they actually represent the loss in 
steam pipes which have been well covered, and upon engines of a size 
generally found in workshops. 

In our President's very valuable address, which has, to a great extent 
completely cut the ground from under the writer's feet, he has brought 
forward some most valuable information respecting the consumption of 
steam in engines in his own works, and on reference to his figures it will 
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be seen that they correspond very nearly with the eflBciency of the small 

engines which the writer gives above. 

The writer has further prepared an estimate of the approximate cost 

^^ • ^®*'- A complete steam power plant, consisting of boilers, steam pipes, 

and ten horizontal engines each of 25 effective horse-power. 2nd. An 

electnc plant, consisting of a high-class compound steam engine, with 

boiler, dynamo, conducting cables, and ten 25 horse-power electric 
motors : 

No. I— Stbam Powbe Plant. 

Four boilers, 30 feet long by 7 feet diameter, complete with fitttings £ 

*^d. moontings 1,400 

*^*^<i^tioii8 for four boilers 500 

c** horizontal steam engines, each of 35 indicated horse-power, 

or aay 25 efficient horse-power, each £1G0 1,600 

**^ steam pipes connecting the four boilers, together with branch 

^^^e^am pipes for the ten engines, at £60 each ... 600 

**^g four boilers, ten engines, and ten lengths of piping ... 500 

Fouiiaa.tions for ten engines, at £20 each 200 



Total £4,800 

No. 2— Electbio Plant. 

^^^ l^ncashire boilers, each 30 feet long by 7 feet diameter, for £ 

^ '^vorking pressure of 120 lbs. per square inch, complete with 

^ Stings and mountings 700 

*-'^® Compound horizontal condensing steam engine of 400 indicated 

^^orse-power 950 

r o«nd^,tion8 for engine, boilers, dynamos, etc., exclusive of chimney 300 

C/nea^-xiamo, output say 225 units 1,000 

Pri?in»^ ronpa 50 

'i»>^iu BA^itchboard, with measuring instruments ... 100 

Ten electric motors, each of 25 effective horse-power, at £140 ... 1,400 

C*^*^^ tor ten electric motors, say £20 each 200 

^ onn^l^^jQng for ten motors, say £5 each 50 

Erection of plant, say ... 250 



Total ... ... ... ... £5,000 

"ptoca the above it will be seen that the first cost of the steam plant 
^^Y be Blightly less than the electrical plant ; but it will be necessary 
nC^ to turn to the cost of working, and two approximate estimates are 
^^en-^^o. 1, of the approximate cost per annum of 3,000 hours for 
^^ntaiDing the steam plant ; No. 2, the approximate cost per annum for 
^^iDtaining the electrical plant for the same number of hours. 

Tbis calculation is based on the assumption that the ten small engines 
^0 each consume 40 lbs. of steam per indicated horse-power per hour, 

vol* tL-tm. 10 
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or say 56 lbs. per effective horse-power, and to this an allowance of 20 
per cent, has to be added for condensation in steam pipes, making the 
total consumption of steam equal to 68 lbs. 

The evaporative efficiency of the boiler is taken at 6 lbs. of water per 
lb. of coal, which the writer considers a very ample aUowanoe for the 
class of coal which is used in most engine works. Therefore the con- 
Bomption of coal per effective horse-power will be, say, 11 lbs. per honr. 

In the electrical plant the coal consumption is based on the assump- 
tion that the engines will require 15 lbs. of steam per indicated horse- 
power per hour, and the indicated horse-power of the engine is taken at 
400. The evaporative efficiency of the boiler is taken at 6 lbs. of water 
per lb. of coal, which will be, say, 2^ lbs. of coal per indicated horse-power 

per hour. 

Stbax Plant. 

CkmX oonsnmption for tea engines, eaeh giving 26 effeetiye hone- 
power, or say 860 indioftted hone-power, f .«., ooUeetively 860 
horse-power at 68 Ihs. of steam per effective horse-power, 
including condensation in steam pipes at 11 Ihs. of coal per 
effective horse-power per 8,000 honn working per annum » 
8,688 tons at 6s. per ton ... ... ... .•• 

Lahour — 8 stoken and 4 men to look after the four engines ; total, 
7 men at 80b. per week, £10 lOs. per week for 62 wedu 

Water for hoilen— 7,140,000 gallons at 6d. per 1,000 gaUons 

Oil for ten engines at 7s. 6d. per week 

6 per cent, interest on captal oatlay, £4^800 

6 per cent, depredation on capital outlay, £4,800 

The total cost therefore comes to £2,604 14 

Elbctrical Plakt. 

Coal consumption for 400 indicated horse-power at 16 lbs. of steam 

per indicated horse-power per hour for 3,000 houn at 2^ lbs. 

of coal per indicated horse-power per hour » 1,334 tons at 6s. £ s. 

per ton >•• «•• ... ... *•• ••* ••• ... 4AJ\I 4 

Labour — 1 stoker, 1 cngineman, and 1 man to attend to electric 

moton at 80s. per week, £4 10s. per week for 62 weeks ... 234 

Water for 1,800,000 gallons at 6d. per 1,000 gaUons 46 O 

Oil for engine and ten motors at 30b. per week 78 

6 per cent interest on capital outiay, £6,000 260 

6 per cent depreciation on caidtal outlay, £6,000 ... 260 



£ 


s. 


U04 14 


646 





178 10 


1^ 





240 


e 


240 






The total cost is therofore £1,267 

From the above it will be noted that the actual saving in favour of 
the cloctrical plant will be £1,247 4s. per annum, so that the total cost 
of the plant would bo savtxl in, say, four years compared with a steam 
plimt, which would cost practically as much money to erect. The above 
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figures show that an effective horse-power by a steam plant can be 
obtained for £10 per annum. An effective horse-power by electricity can 
be obtained for £5 per annum. 

The writer trusts that the above estimates, which are of course more 
or less approximate, will be criticised by the members present. 

A practical example of the efficiency and saving of an electrical plant 
over a steam plant is obtained from the writer's own experience in his 
firm's works in Newcastle. Prior to the adoption of electric motors the 
works were driven by a Cornish boiler 25 feet long by 6 feet diameter, 
60 lbs. working pressure, a semi-portable engine of 50 effective horse- 
power, and a vertical boiler of 20 horse-power. The Cornish and vertical 
boilers steamed the engine in the machine shop, and also supplied steam 
to the engine in the erecting shop for testing dynamos, the semi-portable 
engine being used for driving the erecting shop and pattern shop. 

As this plant occupied very valuable space, the writer's works being 
in Newcastle, where rents are very high, it was decided to take it out, 
and to put down a plant consisting of two locomotive boilers of 160 
horse-power collectively, 160 lbs. working pressure; one vertical com- 
pound steam engine, with cylinders 9 by 18 by 10 inches, giving approxi- 
mately 100 indicated horse-power; and one dynamo, to give an output of 
about 40,000 watts. 

This plant now drives electric motors in the pattern shop, erecting 
ghop, foundry, and a number of small motors in the tool shop, etc., with 
the result that by the removal of the old steam plant from the centre of 
the works a new shop has been erected, 90 feet long by 45 feet wide, two 
men have been dispensed with for attending to the engines and boilers, and 
the coal consumption has been reduced from 25 tons per week to about 
12 tons per week, and it cannot be estimated that the annual saving is 
less than £700. 

Class of Motor. 

In laying down an electric transmission plant it is necessary to con- 
sider the class of motor most suited for the particular work that it is 
required to drive. 

Plate XK. — Figure 1 represents the winding of the magnets of a 
series-wound motor ; Figure 2 represents the windings of a shunt-wound 
motor ; and Figure 3 represents the windings of a compound motor. 

The series-wound motor is used in positions where great starting 
power is required, such as for cranes, haulage gears in collieries, and for 
sinc'le motors for driving pumps and heavy machinery, where the load is 
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constant after being once applied. This motor, however, does not give a 
constant speed, and is therefore unsuited for machinery where the load is 
variable and the speed required to be constant ; a shunt- wound motor has 
not the same starting power, but possesses the advantage of running at a 
practically constant speed under any conditions of load, and is therefore 
particularly suitable for driving light machinery where it is necessary to 
maintain an absolutely constant speed under varying loads. 

A compound- wound motor (which is a machine very seldom made) is 
a combination of a series and a shunt machine, and whilst it has not the 
perfect regulation of speed that can be obtained from a shunt motor, it 
has the advantage that by the addition of a series coil considerable starting 
power can be obtained. This type of motor the writer has fitted on to 
cranes, where the motor is allowed to run constantly, with great success. 

Reduction Gear. 

As a motor generally runs at a speed considerably in excess of the 
speed of the machine which it is intended to drive it is necessary to 
reduce this by one or other of the following methods: — 1. Worm gear. 
The writer has supplied worm gear to electrical power plants with 
very great success, but if this gear has to run properly it must be very 
accurately made, and it is desirable that the worm should be at least 
double, and, if possible, treble threaded. A satisfactory material for the 
worm and worm wheel, is case-hardened wrought iron for the worm, and 
phosphor-bronze for the worm wheel. 2. A very ingenious, and at the 
same time compact and economical, type of reduction gear is the Hum- 
page and Jacques, as shown. This gear, it will be noted, consists of 
bevel wheels placed in a box. The box can be filled with oil or other 
lubricating material, and the whole gear occupies very little space. 

A third method is a reduction entirely by spur gearing. This method 
of driving is usually very objectionable, because it is almost impossible to 
prevent considerable jar upon the wheels owing to their high speed, with 
the result that it is not an unusual thing to see the wheels strip, also 
vibration is set up in the armature of the motor, which is almost certain 
to cause damage sooner or later. 

A fourth system is a combination of belt driving and spur driving, the 
belt being placed between the motor and the countershaft of the machine. 
The belt acts as an elastic medium between the motor and the gear, it 
takes all vibration off the motor, and works extremely satisfactory. 

A fifth system is entirely by belts, and probably for general work, 
particularly in engine works, this type of gear w^ill find most favour. 
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It is, however, absolutely necessary to consider in laying down any 
^oT'ks vFiaere motors are to be used, particularly in the case of individual 

I, that a more or less considerable loss exists in the reduction gear 

between the motor and the machine, and it is not safe as 

^^fxeTS^^ practice to allow less than, say, 15 to 25 per cent, for this loss. 
I'be ^writer trusts that the remarks he has made, together with the 
pgn'^i.'tive estimates and general information in the paper, will be of 
\X3fi *'^^ ^^ members, and regrets having taken so much time, 
got^^^^ lantern slides, showing the application of the electrical driving 
^Vli^^7 machinery, etc., were shown, amongst which were the follow- 
^ iJl^^^^rations of which are given herewith. 

Y^^^C^^XTTiON OF Machines, etc., shown through the Lantern. 

-pl^te XXI. — Standard pattern of Tyne dynamo specially constructed 
^ \ig^^ing and transmission of power work. The same type of machine 
- "O^ed as a motor, and is made in all sizes from 1 to 100 effective 
Yxorse'-power. 

plate XXII. — Portable electric drilling machine, made in three sizes, 
^io drill from ^ to 1^ inch holes. The motor is of the enclosed type, and 
^ fitted with a slipping coupling, together with a flexible shaft and drill 
beady as illustrated. 

Plate XXIII. — 40 horse-power Tyne electric motor and fan combined. 
The fan illastrated is capable of discharging 30,000 cubic feet of air per 
minute, at a pressure of 5 inches, when running at a speed of 600 
revolutions per minute. These motors can be made in all sizes. 

Plate XXIV. — Electric coal-cutting machine with swinging bar. The 
illustration represents the machine with the cover removed to show the 
working parts. 

Plate XXV. — Three-throw electric pumping machines supplied to 
the Uorth Seaton Colliery. The pumps are fitted with rams 9 inches 
diameter by 15 inches stroke, and are capable of delivering up to 300 
gaUons of water per minute. These pumps are placed 1^ miles away 
froiD the dynamo, which is at bank, driven by a vertical steam engine. 
This plant has been running for over two years without costing a single 
penny for repairs. 

Plate XXVI. — Portable electric pumping plant supplied to the New- 
ton Coal Company, Newton Colliery, Felton. This plant is fitted with two 
rams, 6 inches diameter by 10 inches stroke, and will deliver up to 100 
</alIons of water per minute. This plant is also specially constructed for 
dip pumping, and is made in all sizes. 
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« 

but tu^y ^jg shown uncovered to more clearly explain the construction 
ol uxe Ttiachine ; the worm gears are specially made to avoid friction, 
\\ie ^onjcis being case-hardened of wrought iron, and the worm wheels of 
^^^ ^^"■\)ronze with teeth accurately machined. 

*^ XXXIV. — This represents the actual attachment of the electrical 

^ ' and worm gear to the existing colliery pump ; the pumps to which 

^ S^ars were attached were 8 inches diameter by 15 inches stroke, 

^^ XXXV. — Tyne compound- wound dynamo of Scott & Mountain's 
^ftice type, constructed to run 1,000 1 6 c.p. incandescent lamps at a 
^f 550 revolutions per minute. Similar dynamos to the above are 
for the Ashington Coal Company and Messrs. Bainbridge & Co. 
"^^te XXXVI. — Tyne alternating current dynamo ; the armatnre is 
^^^ disc pattern, the field magnets being placed vertically round the 
"^ture, as shown, with collecting rings at each end. This type of 
^^itio is largely used for central station lighting. 

"late XXXVII. — Tyne dynamo, constructed for driving with gas 
^^^8, It will be noted that the dynamo is fitted with a cast iron bed- 
plate, ^i\]i a very heavy turned fly wheel, absolutely steadying the light. 
* late XXXVIII. — Single cylinder vertical engine, with cast iron back 
^^dard, and turned steel columns in front. This engine is largely made 
^ ^ for driving electric light installations and pumping plants, the 
'^Suea being made with cylinders 5 inches diameter by 4 inches stroke 
^ inches diameter by 10 inches stroke. 

^^ate XXXIX. — Compound vertical steam engine of the same type. 

^ speed of the engine is controlled by a crank shaft governor, and it will 

^^ted that the engine is fitted with continuous oiling gear throughout. 

*^ the previous types of engines may be coupled to dynamos direct, 

^^ i^nired. See following plate. 

**late XL. — ^Vertical single cylinder steam engine coupled direct to a 

jtie compound wound dynamo. This plant is very suitable for placing 

^inped positions, and occupies very little space, it is also very suitable 

^ip lighting, for which purpose a large number of plants have been 

^PpUed. 

^late XLI. — Compound vertical engine coupled direct to an Admiralty 
^ dynamo. This plant represents, fairly accurately, the type of engine 
^^ dynamo used by the navy for warships. The plant in question was 
^^^"^cted to run 600*16 c.p. incandescent lamps with a working pres- 
^^^ 90 lbs. per square inch, the engines having cylinders 10 by 16 by 
^''Uiches, and the dynamo giving 50,000 watts at a speed of 850 revolu- 
^^ per minute. 
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Plate XLII.— Bpiall Soott & Mountain eleotric motor. These motors 
are made from ^ to 1 horse-power driving a small fan by belt. This 
type of motor has been supplied by. us for driving lamp cleaning 
machinery in lamp cabins, and also for driving lathes and other small 
machinery in isolated positions, where it is not desirous to take shafting. 

Plate XLIII. — Electrical organ-blowing gear supplied to Dr. W. T. 
Paget Tomlinson. Electric motor to blow the bellows of a large chamber 
organ, the motor being worked from the electric light midns of the 
mansion. The motor is of the Tyne type mounted upon a bedplate 
extended at one end to carry worm wheel farackd» and a worm shaft, 
the motor being coui^ed direct to the worm shaft. 

Plate XLIV. — 25 horse-power Tyne electric motor and fan com- 
bined. The fan illustrated is capable of disdiarging 19,000 cubic 
feet of air at a pressure of 5 inches when running at a speed of 900 
revolutions per minute. The type of motor shown is specially arranged 
to work vertically, and is intended for use for ventilating forced draughty 
etc. Two of these fans have already be^ adopted for induced draught 
for boilers, similar to the 40 horse-power motor and fim combined. (See 
Plate XXIII.) 

The discussion was deferred, aiul the meeting dissolved* 
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NORTH-EAST COAST INSTITUTION OF ENGINEERS 

AND SHIPBUILDERS. 



Elevbnth Session, 1894-95. 



PROCEEDINGS 



FIFTH GENERAL MEETING OF THE SESSION, HELD IN THE LECTURE 
HALL OP THE LITERARY AND PHILOSOPHICAL SOCIETY, 
NEWCASTLE-UPON-TYNE, ON TUESDAY EVENING. FEBRUARY 
12th, 1895. 



JOHN GRAVELL, Esq., Vice-Pbesident, in the Chaib. 



The Secretary read the minutes of the last General Meeting, held 
in Newcastle-upon-Tyne, on January 15th, 1895, which were approved 
by the members present, and signed by the Chairman. 

The ballot for new members having been taken, the Chairman 
appointed Messrs. William C. Mountain and H. Foster to examine the 
voting papers, and the following gentlemen were declared elected : — 

MEMBER. 

Holgate, Charles H., Enjpneering Representative of Messrs. Whitley Partners, 
Leeds ; Cardigan Villa, Grove Lane, Headingly, Leeds. 

ASSOCIATES. 
Mail, Douglas B., Marine Superintendent, 14, Hambleton View. Sunderland. 
Sinclair, John, Shipowner, Church Street, West Hartlepool. 

GRADUATE. 
Olsen, Hans B., Juo., Apprentice Engineer, Wellington Road, West Hartlepool. 
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134 PROOEEDINQS. 

Mr. F, Caws replied to the discussion on his paper on "An 
Account of some Experimental Studies of Ship Acceleration and Fluid 
Resistance." 

The discussion on Mr. W. C. Mountain's paper on "The Design and 
Efficiency of Plant for the Transmission of Power by Electricity " was 
opened and adjourned. 

Mr. Henry Foster read a paper "On the Application of the Electric 
Arc to Machinery and Boiler Repairs, etc." 
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MR. F. OAWS'S REPLY TO THE DISCUSSION ON HIS PA.PER 
ON "AN ACCOUNT OF SOME EXPERIMENTAL STUDIES 
OF SHIP ACCELERATION AND FLUID RESISTANCE." 

Mr. F. Caws, replying to the discussion on his paper, said Mr. J. 

Denhohn Young had fully realised the consequences of the principles, if 

true, embodied in this account of experiments at Wallsend ; and he very 

properly exhibited these consequences in the extreme illustration of a 

ship getting up speed broadside-on and bow-on. But Mr. Young was 

not the first to point out this apparently absurd consequence. It was 

first pointed out to the author ten years ago ; and, in order to learn the 

truth upon this curious question, experiments were made in towing a ship 

model broadside-on, which was rather a difficult thing to do. It was then 

found that the model in this manner attained her full speed, a ridiculously 

slow one, by means of a towing weight which was able to raise the same 

ship bow-on to a tremendously high speed. But that slow speed, which 

was the maximum when broadside-on, was arrived at in a much shorter 

time than the high speed, which was the maximum when bow-on ; the 

same towing weight being employed in both instances. That was to say, 

it was thus found that the duration of the accelerative process was 

greatly reduced by making the ship go broadside-on, but the acceleration 

itself remained the same as for bow-on with the same towing weight. 

That was how Nature escaped Mr. Toung^s dilemma. 

To show this more plainly, let them take, for example, a ship of full 

gize whose acceleration was, say, ^ foot per second, when driven by a 

constant power capable of raising her bow-on to, say, a full speed of 20 

feet per second, or broadside-on to, say, a full speed of J foot per second. 

The time of attaining the full speed bow-on was in that case 400 seconds, 

bnt the fhll speed broadside-on would be got in 10 seconds. What was 

.there in this simple statement of fact to " startle " any one ? The fact 

was only what their common-sense itself would have led them to expect if 

they had really taken the trouble to think the matter out in an 

nnnrejndiced way. For the thrust was the accelerative force and was 

P^^jiiil yyit and equal in both the bow-on and broadside-on runs of the same 

Mn of tb^ same displacement. How, in the name of common-sense, 

oaald acceleration dififer or vary while the accelerative force remained 
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equal and constant ? That was the question with which those w 
disbelieved the plain facts and principles of the Wallsend experimei 
wei-e confronted, and which they were bound to answer, or else aband 
their unbelief in testimony of those experiments. 

Mr. Young said this testimony, as given in the paper, " implied th 
the difference in the amount of the mass of water that has to be set 
motion by a fall ship and a fine ship respectively does not affect t 
performance until the fuller vessel has reached her full speed." In ord 
that this objection might be presented, in fairness to Mr. Young, in t 
clearest and most forcible way, it might be illustrated thus : — The sh 
broadside-on at her maximum speed of ^ foot per second raises a gre 
wave, but, driven by the same power bow-on, at the end of the ten 
second from starting she will be momentarily going at ^ foot per seco] 
velocity, on her way to her full speed of 20 feet per second. And wh 
at the velocity of J foot per second she will have raised an apparent 
very little wave. Now, Mr. Young regarded this great wave of t 
broadside-on motion as a great mass expressing a great resistance ; ai 
the little wave of the bow-on motion at the end of that tenth second f re 
the start as a little mass expressing a little resistance ; and, thinkii 
thus only of the difference in the sizes of the apparent waves, 
naturally failed to see how the same towing weight, when pullii 
against a great wave mass, could have the same acceleration as wh 
pulling against a little wave mass. He had lost sight of the fact th 
in the former case the towing weight had nothing else to do but to p' 
against the great wave mass, but in the latter case, in addition to 1 
energy it was expending on the apparently little wave mass, the tow 
weight was expending energy in accelerating the ship. And when U" 
added the energy expressed by the little wave to the energy expressed. 
the acceleration of the ship's motion, they found that the total expendlt 
was going on at the same rate in the bow-on motion as in the broadside- 
motion, for not only was the towing mass equal in both cases, but t 
masses towed were likewise equal in both cases ; hence the accelerati 
was equal in both cases, and hence also the resistance was equal in bo- 
cases. That was to say the bow-on resistance of the 20 feet per secon 
speed and the broadside-on resistance of the | foot per second speed we 
equal ; and the wave masses in these two cases were likewise equal, u 
equal to one another not only at the full speed, but also (in the potenti 
plus kinetic equal constant sense) during the gaining of that speed 1 
the equal and constant towing weight or power. When Mr. Young sjx)! 
of "the difference in the amount of the mass of water that ?uis to be s 
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vn motxon " by the broadside-on and bow-on ship respectively, he spoke 
potenti^jjy ^ ^^Y\ as kinetically, but spoke of what did not exist, for in 
point Of f^^ there was, except in a merely kinetic, and therefore partial, 
'^> ^l)Bolutely no difference at all. The great wave of the broadside- 
* 2 ^oot per second full speed ten seconds from the start, and the little 
, ^^ ^f the bow-on | foot per second accelerating speed ten seconds from 
^rt, although so apparently different in mass, were really of equal 
^^^p^^B^ The difference between these two waves was not a difference of 
-. ^ount " of mass but of period and phase of mass. Thus, ten seconds 
^^ the start the whole mass of the great wave was in momentum, and 
^^ visibly developed in the full speed disturbance of the vessel moving 
^J^^'^^^Aide-on. But the whole (and equally great) mass of the escapement 
« of the bow-on motion at the J foot per second accelerating speed, 
seconds from the start, was mostly in its inertial phase, not visibly 
oped, but in this acceleration of the ship herself giving promise of 
ilopment ; that which they had called the small wave being simply 
^"-^ small portion of wave mass whose inertia had already, in the ten 
^^^<5ond8 of motion, become converted to momentum. Tf they would 
^^xxderetand wave masses and motions they must apply to their phenomena 
"^^^ j? -f A: = C principle of interpretation. By this principle law and 
^'Tticr became plainly apparent. Without this principle they plunged at 
every turn into misconception, chaos, and confusion. 

The following symbols might serve to illustrate the application of the 
P -I- ^ = principle to ship's acceleration, resistance, and waves. [It 
inust not be forgotten that skin resistance had the effect of swelling the 
^ave of escapement. Therefore the measure of the wave's inertia 
^^*ode8, in the measure of its own mass, the effect of the skin resistance.] 
D = ship's displacement mass. 
W = towing or propelling mass. 
I = inertia of D which W could convert to momentum. 
I = escapement wave mass, otherwise known as R = resistance. 
W = I = R, not only at full speed, but likewise at every moment of 
acceleration. 
-Hie momentum derived from the energy of W, which was expended 
^Uy in overcoming or converting I, was lost, because it was entirely 
^ted to giving motion to waters which the ship left behind, and whose 
^^lon contributed to the ship's motion no help. Hence the measure of 
^^entum of the escapement wave was the measure of loss of energy 
^ by W as the price or penalty for the ship's motion, which was what 
^^ commonly called resistance. 
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In accordance with these views the above symbols might be supple- 
mented thus :— «i, ia, is, »4, etc. = that portion of I which had been con- 
verted into momentum of wave at the respective moments 1, 2, 8, 4, etc^ 
I — t = the remaining portion of I which at any moment continued 
resist conversion into momentum, from which it was seen that, 
I — t + » = I = W, the inertial resistance of wave plus the accelerativi 
force lost on wave momentum, were, in thejt? + A; = sense, equal anc^^ 
constant throughout the whole motion whether accelerating or at 
speed. 

Mr. Young, wisely, with the characteristic caution of the scientii 
had refrained from denying the conclusions of the paper. He seemc 
conscious that they could not well be denied if the facts therein stat 
* were facts indeed. He therefore proceeded to argue that, owing to 
enormous disproportion between a small scale model and the fullHsis 
ship, errors of comparison must accrue ; and, of course, his inference 
that in the Wallsend experiments such errors might or must have beer* 
large enough to heavily discount, if not to quite discredit, the results. 

If they were to carry Mr. Young's arguments on this point to their ful 
conclusion, they should not in ordinary business life use small scale 
drawings and models for ships and engineering works of great magnitude 
in the way they did and must. The liability to error was great, 
in spite of that, by skill and care, they were able to obtain help an( 
guidance of very great value from these small scale drawings and raodeb^J^' 
and likewise they were able to do so from model trials of speed an(r- 
resistance. Mr. Young himself last year, with reference to the 
power results up to that time obtained by the pendulum meter 
Sunderland, remarked in his address to the Institution, that, notwitl 
standing his reasons for withholding assent from the theory of that met 
he felt struck by the fact that the results obtained from it compared 
remarkably with the real ship's actual speed-power curves. And it 
certain that if Mr. Young had before him now the results since obtained^ i^ -^^i 
the same tank, in the cases of more than fifty curves supplied, to loc^-^^^^^^ 
shipbuilders as a basis of practical estimates and guarantees, he would b^Jt ^ 
more than ever favourably impressed with the great accuracy of tbm-^^^^^ 
instrument, which could in truth be relied on to repeat its performance^ss^^'^ 
to the y^ inch of ship model's travel. 

But, putting these considerations and actual experiences out of view 
for argument's sake, let it be admitted that scale errors were even much 
greater than Mr. Young suggested, let it be allowed that they were so 
great as to deprive small scale drawings, and small scale models, and 
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, ^1 trialg, not of a part only, bnt of all their reliability as a means of 
^^^ting the cargo carrying capacity, cost, weight, or speed and resist- 
of any fall-sized ship. Did that admission in any degree discount 
testimony of those Wallsend experiments which, and which 
^ were the proper subject of this present discussion ? If a 
«1 5 feet long could not be relied on to indicate shape, displacement, 
stability, or speed and resistance of a ship 405 feet long, could not 
~^^^^el 5 feet long be relied on to yield, under similar experimental tests, 
^Xlts accurately comparable with those of another model, say, 12 feet 
, and of a third and fourth model each, say, about 16 inches long ? 
« Young, in this part of his argument, had lost sight of the fact that 
testimony of the Wallsend experiments now under review was not due 
ny degree to a comparison of model performance with that of full- 
ships, but was the testimony of various models of various sizes tested 
er various conditions one against the other, simply to discover their 
principle of acceleration, so that Mr. Young's objections 
the score of scale had really no bearing on the point now at issue. 
Mr. Young might say, admitting that errors due to scale had 
bearing on these experiments now under discussion, still there were 
rs of operation and of observation to take into account. True ; but 
'^Id such errors, in the case of hundreds of experiments, extending over 
xths and years, all conspire to produce an absolutely regular result, or 
^d they not rather introduce eccentricities and irregularities ? What 
^. Young had to face in the Wallsend tank testimony was the fact that 
i results always showed that the ship's acceleration was uniform, as 
in the paper. Mr. Young correctly pointed out that a time differ- 
which might be, he thought, assumed as due to resistance would be 
small to trace experimentally, and that the result as regarded the 
^-tt^afcioji now under review might depend on that infinitesimal time 
^'"^^^^sute. But the measurements of motion were made, as the paper 
,^^^bes, not in measure of time per travel, but in measure of travel per 
.^^"^^^ To measure a second, or a fraction of a second, of time accurately 
-•^e thing, to measure a descent of 16 feet, or even of 1 foot or 1 inch, 
S^Uite another and much easier thing, a small measure of time showing 
*^*^^ measure of travel. Thus when the relative weights of D and W, 
^f B and S, were arranged to suit the formula, which one would, unless 
^ deeply instructed, expect it to suit, viz., 

W 
ship's acceleration = ^^^ ^v^ a, 

^fusal of W and B to arrive on their brackets simultaneously was 
^ obvious and quite unmistakable. 
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Mr. Hok's much more pronounced criticism added greatly to the 
interest of this discussion, and might be met by a familiar but apt illus- 
tration. Their esteemed friend Mr. Macoll was heard on one occasion at 
a meeting of this Institution to advocate, with his characteristic humour, 
the improvement of the Whitley mile "by planting mile posts every 
^ mile apart ! " Although as a very active member of the committee 
of Council Mr. Macoll had not been able to carry his J mile divisions 
into practical effect, they expected soon to see the lofty new posts erected ; 
and they would all rejoice if, by a revival of good times, these new posts 
were soon brought into more frequent requisition than ever the old posts 
were. If the new measured mile trials continued to be run on the same 
good old plan as heretofore, they might sometimes have ships running 
the mile in, say, 200 seconds, and skilled observers each with his stop- 
watch marking time to fifths of seconds (i.e., to j^j^ of the whole time) 
and never, or seldom, agreeing absolutely as to the exact time the run 
took ; but always obtaining results accurate enough for practical 
purposes. But suppose that one day soon, by special invitation of their 
good Mend Mr. Hok, they accompanied him on a steamer's trial trip of 
which he had charge. And suppose they found that by Mr. Hok's 
direction the posts had been shifted, and stood no longer 1 mile, but only 
3 yards apart! And, further, suppose they observed, as the steamer 
rushing at full speed of about 15 or 16 knots was about to cross the line 
of the first pair of posts, that Mr. Hok pulled out from his vest pocket in 
lieu of a stop-watch a little pendulum beating time to ^ seconds ; and 
they saw him start the pendulum and count its beats, while somebody 
else called for him " Now — now ! " so that, between the interval of the 
two " nows " {i,e,, when the steamer was shooting the 3 yards between 
the two posts), Mr. Hok might measure the time interval ; and suppose 
that after a few such runs, at different full-speeds each time, he pocketed 
his pendulum with a grave and gratified smile, and ordered the ship to 
return to port. If, a few days later, he produced a beautiful speed curve 
of that ship's performances, and said it was based on data obtained as 
described, surely they should be tempted to think Mr. Hok was playing a 
practical joke upon them, or else that over much devotion to logarithmic 
lore had twisted their good friend off his mental balance. They might 
in that case try to reason with him, and prove that if the ship was going 
at a 8j)eed of 15'8 knots she would cross the space of 3 yards between the 
two posts in about one-third of a second. 

Mr. Hok must not complain of this singular illustration of his 
argument, for, fantastic though it might seem, it fairly, without any 
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^^?.?,^^^"5^tion, represented the value of the logarithmic curve of resisted 
^uou -^hich he had put forward, a curve which, however ingenious the 
^^ of it, and by whomsoever invented or approved, had not any 
. ^^ ^liatever of experimental fact. And in such matters they must 
4 ^ to reverence the smallest /a^^ more than even the greatest name, 
2^ ^ examination of the experiments referred to in Mr. Hok's com- 
jp. *^^^tion, a detailed account of which would be found in The Frincipia, 
^^ show that these experiments served very well to support that 
^ principle which Newton sought by their means to establish, a 
^ple now universally recognised, viz., that the resistances of fluids 
as their densities. Anyone hearing Mr. Hok's letter to Mr. Duckitt 
for the first time would get the impression that these experiments 
more complete and accurate, and every way more extensive and 
^le, than those at the Wallsend tank. To be disabused of this 
impression one had only to refer to the account so faithfully given 
^^ewton himself. The largest of the two tanks used by Newton in 
experiments contained only 8 cubic feet of water, and the smaller 
contained only 5j cubic feet, as against 640 cubic feet in the Walls- 
tank. The globes used were little balls of loaded wax, about as 
ss billiard balls. In the deeper tube or tank their greatest descent 
only 15^ feet, and only 9^ feet in the smaller tank. In each experi- 
nearly the whole space of the descent was fallen through by the ball 
its uniform maximum speed. The space of accelerating descent 
only from about 2 to 5 inches, and was generally accomplished in 
^v>oiat one-third second. It was utterly impossible to tell by observation 
^i^crtly how long it took the balls to fall these few inches, for the time- 
^e^up^er employed was nothing better than a pendulum beating half 
^^^^'^^xds. The balls fell in the dark of the water, and could not be 
'''^*^<^hed in falling, for there was no glass side to the tall boxes or tanks. 
/^^^^ boxes were so narrow that Newton told them the balls were some- 
^^^^ heard btmiping against the sides as they descended, and an 
^^ "Vance for the increased resistance, due to the water being canalised 
^ ^he narrowness of the boxes, had to be made in every experiment, 
^■^nipts to repeat the experiments seldom succeeded, for in most cases 
,.^^ Were serious differences in the results as to the whole time of falling:, 
^^Pences ranging generally from one to three seconds ! seldom less, and 
^^etimes much more I Occasionally the balls reached the bottom of 
^*^* too soon, because they were never released automatically, and some- 
.^^^ the hand, in dropping them, involuntarily contributed some impulse. 
^ automatic provision, electrical or otherwise, secured absolute simul- 
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• ^^^ Gent, of error) these small spaces and times the instrument's defin- 

^ P^'v^er in time would need to be as infinitesimally true as to mark 

^ ^^atically the actual time of the experiment with certainty to 

^j^^^ of a second. But the instrument with which the great Newton 

^I^^^^ these experiments was able only to define ^ seconds, and even then 

^ no automatic arrangement by which simultaneous measure of 

'^ and space could be guaranteed. 

Surely, if Mr. Hok would reflect on these facts and considerations, he 

^d come to see that in the experiments he quoted there was no ground 

ixis belief that they were proofs of the theory of his curve. If he 

. ^ ^d take the trouble to test those experiments he would find that their 

errors were much too large to afford either proof or disproof of 

false theory, the falseness of which had been absolutely demon- 

by the almost perfectly accurate time and space measures of 

^allsend experiments. As to the Wallsend models never reaching or 

ly reaching full speed, Mr. Hok had not sufficient warrant. The 

"^ticjh diagram accompanying the paper was not drawn to scale, but gave 

general representation of the tank and apparatus. Not only were 

triments made with a model of about the relative size shown on the 

^tjch^ but also with other vessels and models much larger and much 

ler. 

The Uttle brass instrument upon the table (shown) was a pendulum 

kinometer which the author of the paper invented and used largely in 

^^^ earlier days of his Wallsend experiments. It indicated by the motions 

^^ its pointers the precise moment when a ship model attained full speed, 

"^^d also faithfully exhibited the most interesting potential-kinetic play of 

'^1X568 preceding as well as following the attainment of full speed. This 

^Mnunent would show Mr. Hok the whole meaning and bearing of those 

^wline phenomena to which he referred, and would show him that his 

^^nation had not been quite correct in leading him to charge the 

"allsend tank apparatus with defectiveness in this important particular. 

It would require a whole paper to deal with the subject of towline 

ieflfiion and towline play, as exhibited by this instrument and others 

equally interesting which were used at Wallsend. It had a great scope 

of science and suggestion in it. 

The accelerative distance of a ship was governed both by the speed 

and acceleration. Given the speed, the ship's lines determined the 

\B acceleration ; given the acceleration, the ship's lines determined the speed. 

When the acceleration and speed were both known the accelerative time 

and space could be at once found. When the accelerative space was 
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known, together with the ship's displacement and thrust, the speed ooiild 
at once be found. If speed, space, and thrust were known, displacement 
could be found. If speed, space, and displacement were known, thrust 
could be found. The principle yielding these results was that of gravity 
applied in the same way as when ascertaining the time, space, and velocity 
of masses falling through fluids and in vacuo, all of which was expressed 
in the following simple formulae : — 

W 

^ ^ = acceleration. 

V = full speed = T^^. 

W 

T = whole time of accelerative run = V -=- -^^ .i/. 

TV 

S = „ travel „ „ = "y • 

These were some of the things " between the lines " of the paper which 
Mr. Hok appeared not to have seen ; and there were many more things, 
especially regarding the relation of the ship's static to her moving dis- 
placement, which could not be gone into now, but which might be cleared 
up on some future occasion. 

Mr. Hok's observations were, for the most part, arguments from 
experiments with bodies falling through water to disprove the Wallsend 
experiments of bodies floating on the water. If, as Mr. Hok said, 
he thought the two kinds of experiments were not dynamically on 
all fours with each other, then Mr. Hok's argument, even if not 
otherwise shattered in every part by facts, must by his own showing 
have lost all its application on this last named score alone, for in 
this particular it was not permissible for Mr. Hok to blow both 
hot and cold. He could not both have his cake and eat it. In this 
matter Mr. Hok ignored the fact that the paper employed the falling 
spheres merely as an illustration within expressly stated conventional 
limits, such as would necessitate that the relative densities of air and 
water remain unchanged at each level of the descent. But this was a 
subject quite beyond the scope of the paper, and seeing that the paper 
carefully abstained from committing itself on the point, it was not exactly 
right for Mr. Hok to drag it in to the argument. Mr. Hok said Newton 
performed experiments on globes falling through quicksilver. Here again 
it seemed evident that Mr. Hok had not informed himself of the exact facts. 

Mr. Hok (interrupting) explained he had written Mr. Duckitt 
correctintr that. 



DISCUSSION — SHIP ACCELERATION AND FLUID RESISTANCE. 145 

Mr. Caws said he regretted he was unaware of the correction. The 
globes were of glass filled, some with air and some with quicksilver, and fell 
through air from the top of St. Paul's, London. The results suffered from 
a defect in the trap-door releasing arrangement, so that neither times nor 
distances worked out quite truly, for even after allowing for the defect 
referred to, the spaces of descent were from 4 to 11 feet in error. These 
experiments, however, went to prove the law of fluid resistances being 
simply proportional to their densities, but were not accurate enough 
to prove or disprove that further law of constant resistance during 
acceleration, which in a|? + A; = C sense the Wallsend experiments bore 
testimony to. When they realised the crudeness of the apparatuses 
employed by Newton in such experiments, their defects served only to 
increase their admiration for the mighty mind that could work such 
wonders as he did with such poor tools. 

Mr. Andrew Young was to be thanked for pointing out the lapsus 
plumm by which in the paper the word acceleration had been used in one 
place where the meaning of the author was accelerative force. But this 
etymological correction left the argument unanswered. Mr. Young, in his 
remarks, betrayed a clinging to academic tradition, accompanied by a 
want of proper appreciation of the weight of facts, which prevented him 
from giving fairplay to the undoubtedly acute powers of his own mind. 
All that he said against the ;? + A; = C theory had been said in effect by 
others either now or in last year's discussion, and had been fully replied to. 
Mr. Andrew Young seemed impressed with the conviction that the inventor 
of the pendulum meter was of all men the least able to properly inter- 
pret and use it. There was another gentleman who once thought as Mr. 
Andrew Young appeared to think on the subject of pendulum kinematics 
— indeed he expended a great deal of earnest thought on it— and his ideas 

ds d^s 

ran exactly on the Unes indicated by the expression -jr for velocity and -j^ 

for acceleration. At last, after many a weary argument, he undertook to 
work out, from the experimental data supplied by the pendulum meter, 
the speed-power of a ship. The upshot was that he made the effective 
horse-power exceed the indicated. The best answer Mr. Andrew Young 
could get to the observations he made on this subject was the answer which 
a similar experience would give him. He was welcome to the data from 
the Sunderland tank upon the express understanding that his curve of 
results would be published at a meeting of this Institution, together with 
the indicated horse-power of the real ship and an effective horse-power 
curve supplied by the meter on the /? + A: = C principle of interpretation. 
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In thus replying to his critics the author of the paper had tried to 
keep steadfastly to the one proposition with which the paper set out, 
viz., that a constant thrust involved a constant acceleration. That other, 
and apparently still more paradoxical proposition, with which the paper 
concluded, and which had naturally excited adverse comment, viz., 

W 

that YT ff = acceleration, must (as was intended when it was thus 

announced) await its exposition till another occasion. Meanwhile it 
would serve as a very good target for the wit and wisdom of engineers, 
shipbuilders, and others. In bringing to its close this long reply, the 
writer of the paper felt sincerely grateful for the patient hearing he had 
had, and for the most kind expressions towards him personally which 
his three excellent critics, and still more excellent friends, Messrs. 
Denholm Young, Hok, and Andrew Young, had embodied in their com- 
munication. 

On the motion of the Chairman, a vote of thanks to Mr. Caws for his 
paper was adopted by acclamation. 
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DISCUSSION ON MR. W. 0. MOUNTAIN'S PAPER ON 
" TRANSMISSION OF POWER BY ELECTRICITY." 

Mr. Fraitk Bboadbent, who opened the discussion on Mr. 

Mountain's paper, said that this being his first appearance before the 

North-East Coast Institution he hoped he would be granted the usual 

leniency accorded to such efforts. Of course when Mr. Mountain read a 

paper they expected something intensely practical and not theoretical 

only, and they had not been disappointed in the paper under review. He 

noted that Mr. Mountain went to elementary principles first of all, and 

seemed to think that they should be taught what units were, and how 

derived before proceeding to the actual substance of the paper itself. On 

the occasion of Mr. Mountain's last paper he thought there was not much 

necessity for that, but on speaking to several members of the Institution 

they said they quite appreciated that phase of the paper because they 

knew so little about electricity, and had so little time to study it, that 

sach papers as these were their only means of getting information upon 

the subject — information put in a condensed form. That being so, he 

thooght the author of this paper should have been very careful as to the 

language he used in speaking about the units. In the first place, Mr. 

Mountain told them that '' the practical units which corresponded to the 

pressure and foot-pounds, as used by engineers, were the volt, the ampere, 

the ohm, and the watt." He quite agreed that, in speaking of " electric 

motive force" or pressure, electrical engineers used the expression in 

almost the same way as engineers spoke about ^' pressure to the square 

inch," but when they came to " foot-pounds," i.e., work actually done, he 

did not see any analogy between the "ampere" and " watt," as these were 

rates of doing something, one being a rate of flow and the other the rate 

of doing work, i.^., power. If he had said " foot-pounds per minute or 

per second," that would have meant power, and the ampfere and watt 

would then practically have been a fair analogy. He thought it was 

Mr. James Swinburne who said that to give an analogy to a sensible 

aadienoe was an insult to their intelligence. He (Mr. Broadbent) 

did not quite follow him to that extent ; but he thought they should be 

caref al in using any analogy, and especially in such a paper as this, where 

what was set down was taken as being absolutely correct. Then, passing 

on, they were told the volt equalled one hundred million C.G.S. units. 

He did not think that conveyed the slightest impression to the mind of 
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the mechanical engineer, for one might jnst as well try to explain what a 
pound or a foot was ; they could only appreciate such things by actual 
experience with weights and measures. He did not think those analogies 
and descriptions were of any use at all. Then they were told that "a watt 
or volt-amp6re was the amount of work done in a second by the dynamo," 
and only three lines below this a dynamo was mentioned as having an 
output of 10,000 watts. Clearly, then, a watt was only the unit by which 
the output was measured. They passed on to the efficiency, and that which 
Mr. Mountain gave them was an efficiency very seldom used. He did 
not know that he had ever heard it used before. The total electrical 
energy generated in a machine was immaterial to the contracting engineer ; 
what he required to know was the actual power given out by the machine 
as compared with the power put into it. He (Mr. Broadbent) thought if 
they compared the actual energy delivered by the dynamo with the actual 
mechanical energy put into it they would get the commercial efficiency, 
and in this sense Mr. Mountain was quite right in saying the efficiency 
might approach 93 per cent. He knew of a case where in a test taken 
of a " Castle " dynamo by Prof. Kennedy, of London, almost 96 per 
cent, was actually obtained. Then Mr. Mountain took them on to the 
design of dynamos. He told them it was advisable that all bearings 
should be made adjustable. He differed from him about this, for 
although split bearings might be necessary in a reciprocating engine, 
they were not in a rotatory machine like the dynamo, and to show 
this he took the liberty of bringing down an armature and couple of 
bearings,* which were not adjustable for wear in the sense of being 
split longitudinally, but they were self-aligning, and also self-lubricatin< 
by means of a ring running in an oil well, which carried oil up t 
the spindle. Messrs. Holmes & Co. had machines of this kind runnir 
for ten years without any appreciable wearing of the bushes. He d 
not think Mr. Mountain mentioned brushes very much ; but m 
bnishes had a roti\tory motion, and as the brush wore away it altered 
position on the commutator, tending to produce sparking. Here i 
had a piinillel motion, and the brushes never moved their position • 
the fii-st sc^ttiuiT. Then about the magnet coils: Mr. Mountain said i 
always advisable to place them above the armature, as it prevents 
getting upon them. Clearly, in such a case the fault would lie ' 
design of the oiling arninirements, and not in the position of the m; 
If they looked at the advertisements in any electrical paper they 
see the bulk of the coils were at the bottom. He quite admitted 

• This m:\ohino was plaotni on the table for exhibition. 
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^^^, it was better to have the coils above the armature for many reasons 

"^des oil getting upon the magnets. He thought they might com- 

^fcnent Mr. Mountain upon arriving at that design, which he would find 

much superior to the single bobbin type. They were told also that the 

coils ought to be always wound on independent bobbins. That was a 

matter of cost, convenience, and size of machine. Where the machine 

was very large it was an advantage. Then they found Mr. Mountain 

gpeaking about "weak lines of magnetism." Here, too, there was a little 

looseness in the use of terms. So far as they knew anything about 

lines of magnetic force, they did not know of one being stronger 

thsn another. Their calculations were all based upon the assumption 

tbfib lines of force were equal in strength. "Weak magnetic field," 

leaning that the lines of force were "few and far between," would 

more in accord with everyday usage. In the example given of a 

d.ynanio supplying current to one motor having a certain resistance, Mr. 

Mountain was not speaking of resistance in the same terms as he defined it 

in the first part of his paper. He told them they had a resistance equal 

to 10 ohms in the motor and conductors, through which 10 amperes 

flowed, due to an E.M.F. of 100 volts. If that were so, where was the 

nsef ul power coming from ? Clearly, the whole of the power was absorbed 

l>y the resistance, and none was available to drive the motor. If Mr. 

mountain had told them that what he meant was only an apparent 

resistance due to the back electro-motive force of the motor, he would 

liave made it clearer. Mr. Mountain also told them that this motor 

would give out about f brake horse-power; but he had clearly told 

them that a dynamo giving 100 volts by 10 amperes would require 

about 1^ indicated horse-power to drive it, so that they only got an 

efficiency of 60 per cent., and he did not tell them where the other 

50 per cent, had gone to. He (Mr. Broadbent) thought that in a 

paper where the writer started on such elementary principles he might 

have told them where that 60 per cent, had gone. Passing on from that, 

the paragraph about putting in motors too small for the work could not 

be too strongly insisted upon. It was often difficult to say with any 

degree of approximation what power a machine required, and one might 

be asked to quote for a motor to develop about 10 horse-power, and find 

eventually that they wanted 15 or 20 horse-power, and so the motor was 

overloaded. The motor would not stop; it would simply struggle on, 

and perhaps eventually bum up. Where possible, he would suggest 

when they wanted to replace a steam engine by a motor that they got a 

temporary one to drive the machines and measure the horse-power taken, 
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^hich could be done very accurately by electrical means. When that 
^as ascertained, there would be no difficulty in detennining the exact size 
of motor required. Passing over to the table of resistances, he would 
come to the question of conductors. It was pointed out, " By suitably 
proportioning the size of the cable to the work to be done, it is 
possible to make the power consumed in the cables anything that may 
be desired, but it must be borne in mind that by unreasonably increasing 
the size of the cable, and thus reducing the loss, a point is soon reached 
by which the first cost of the cable will be so high that the saving will 
not be economical." There was a law, known as Kelvin's law, which 
was to this effect, that the most economical size of a conductor to use for 
any given work was such that the annual interest on capital outlay on the 
conductor was equal to the annual money value of the loss of power in 
the conductor. The first cost and subsequent expense were directly pro- 
portional to the area of the conductor, the loss of power varying inversely 
as the area. Simple as the statement of Kelvin's law might be, the 
actual determination of the most economical size of the conductor was 
not so simple. In fact it formed one of the most difScult and tedious 
calculations of the scheme. The question of the economical size of 
conductors was so intricate and involved so many considerations that one 
was afraid to venture upon it for fear of trespassing too far upon the 
patience of the members, but as it formed such a very important item in 
the design and efficiency of transmission plants he felt that the writer- 
of the paper might have enlarged upon it. He appeared, however, to have 
considered distribution of power in a covered works more than trans* 
mission to any considerable distance. For example, Mr. Mountain 
recommended all cables being covered with an insulating material, and 
fixed the minimum insulation resistance of such covering at 300 
megohms per mile for low voltages. Whilst this was a very proper 
recommendation for ctibles in the vicinity of inflammable materials, it 
did not apply, and would in fact be a needless waste of money, to wires 
carried overhead in the open air, or along the outside of buildings, or in 
suitably constnicted trenches underground. There were many cases where 
the Ciibles might be absolutely bare, or at most merely covered with a 
protective braiding to prevent corrosion due to fumes, smoke, etc. To 
take the example given of driving a 25 horse-power motor at a distance 
of a (jnarter of a mile from the dynamo. The cable given for this was a 
comparatively small one, and, according to the author's recommendation 
it must have an insulation resistance of 600 megohms per mile, as the 
voltage einjiloyed was over 2()0. The cost of this small cable would be 
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comci^iably more than double the cost of a bare or lightly insulated 
^We of ejxactly the same size; in fact about £50 would be absolutely 
I'^^^w^n. away, that was assuming the cable to be in the open air. For 
iiidoor work the conditions were different, and insulated conductors were 
aesirable. Nothing was said in the paper about the variation in voltage at 
*ie motor end of the line, due to the varying load on the motor, and the 
Effect that this variation would have on the speed. On the contrary they 
^^^^ told that a " shunt motor would run at a practically constant speed 
^^i* all conditions of load," a statement which was approximately correct 
^^y^ if the loss in the cables was insignificant and the voltage at the motor 
^^'^^^^Hxals constant. Just as the voltage at the terminals of a dynamo 
^ ^^ed with the speed, so the speed of a motor varied with the 
V c.^^^ ^j. ^^ terminals ; and as the volts lost in the conducting cables 
^ '^^d with the current flowing, and the current varied with the load 
^ ^te motor, it was clear that as the load was altered the speed would 
*^^^ ^ary. It was necessary, therefore, in transmission work to have a 
of adjusting the speed of the motor, and this was usually done by 
of variable resistances. In the example given the volts at the 
^^^r terminals would vary from about 300 to 320 volts between no load 
^^^ full load, producing a corresponding variation in the speed. It was 
^^^^ble, however, in a case of that kind, when there was only one circuit 
^^^n from the dynamo, to design the latter to give more volts at full 
*^ than at no load, and so compensate for the loss in the cables, and 
^'^tain a constant voltage at the distant end, notwithstanding varying 
W on the motor. Coming now to the estimated cost of a steam power 
plant as compared with an electric plant, it appeared to him that the same 
(»Dditions of working had not been assumed in both cases. In the 
steam plant 68 lbs. of steam were allowed per effective horse-power per 
hour, or slightly over 11 Ibis, of coal, which, according to the table of tests 
gi^en, indicated that the average load was considerably less than half the 
jnayfmnm, whereas in the electric plant 2| lbs. of coal only were allowed 
per indicated horse-power per hour, or 15 lbs. of steam, which was allowing 
a very high efficiency, even for full load, and was assuming no loss what- 
ever by condensation in the pipes or cylinders. This appeared to give 
every possible advantage to the electrical system and none whatever to 
the steam plant. On the other hand, it might be pointed out, that for 
an ordinary works the electric generating plant proposed was larger than 
neoeflsary. The engine was capable of indicating 400 horse-power, which 
was sufficient to drive simultaneously the whole of the ten motors at full 
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load, with a total efficiency of 62 J per cent, f -— = yW-p- j' ^^ 



had 
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been shown, however, by other writers that about 70 per cent, of ti 
aggregate power of the motors was the greatest load that need be provide(^'^ 
for, except for very short periods. In Messrs. Siemens Bros', works fch^ ^ 
motors in use were capable of giving an output of 1,407^ brake horse^ — ■- 
power, whilst the generating plant was capable of developing only 1,200 ^ 
indicated horse-power. If they took the same proportions in the example ^ 
given by Mr. Mountain the indicated horse-power of the engine need only 
be about 212 instead of 400, the dynamo and boilers could be reduced in 
the same proportion, thus bringing the cost of the whole plant to probably 
£1,500 less than the steam plant. Even now the generating plant would, 
run on the average at about three-quarter load. The question of accu- 
mulators had not been mentioned. It was sometimes worth considering 
whether or not it would be a saving to put in a generating plant sufficient 
for an average load, with sufficient storage capacity in accumulators to 
cope with the temporary heavy loads. This was all a question of the rela- 
tion between the average day load and the maximum load, and in an 
ordinary works it would generally be cheaper to have the margin in the 
generating plant rather than put in accumulators, besides involving less 
attention. Upon the question of average day load as compared with the 
maximum output of the motors, Mr. Mountain might now give them some 
useful information from records taken of the plant in his firm's works. 
It would be interesting also to know how the annual saving of £700 was 
arrived at. The coal consumption was given as 12 tons per week, or 600 
tons per year, allowing two weeks for holidays ; whereas on the basis of 
tlie approximate cost of upkeep, given by Mr. Mountain, this should only 
be, say, 334 tons, assuming, as in the example given, that the plant was 
running at its fiill load of 100 indicated horse-power for 3,000 hours. 
That seemed a fair allowance, so that instead of 2 J lbs. per indicated horse- 
power, the actual consumption was more like 4 J lbs. Of course if the 12 
tons per week included coal for foundry and for the machine shop engine, 
which, from Mr. Mountain's remarks at a previous meeting, was still 
driven by steam from the boilers, this allowance should be made ; but 
even this would not account for almost half the total consumption. If 
Mr. Mountain had shown them more clearly what the saving was, it would 
have made bis valuable and interesting paper, if possible, even more useful 
tlian it undoubtedly was. 

Mr. H. F. Pahshall (by peimission of the Chairman) thanked the 
members for inviting him to take part in the discussion on Mr. Mountain's 
paper. He thought Mr. Mountain had succeeded very well in explaining 
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body of engineers not particularly interested in electrical matters the 
and general application of elementary formula used by electricians. 
^M)me of his analogies were not absolutely correct, looked at from a 
ly technical standpoint, he was of opinion they were sufficiently 
to serve the purpose intended. He might, perhaps, be permitted 
^^^ congratulate Mr. Mountain upon his success in that direction, 
^iloctricians as a body had not generally succeeded in explaining to 
^^g'ineers the practical meaning of their terms and formulae. Perhaps 
^ extended criticism of his analogies would best be discussed before a 
^^y of engineers over which Lord Kelvin or a similar authority would 
^ expected to preside. The efficiency of electrical motors had been 
^ken of several times. He should like to point out as of practical 
unportance that a simple statement as to the efficiency of an electric 
^ofcor at full load was not of great practical importance. What was 
vanted was a statement of the efficiency of the motor through the 
netsessary gearing while performing its average work. As an illustration 
of this he would quote the case of a tram car motor. Tram car motors 
had been constructed with an efficiency at full load as high as 95 per cent. 
Such motors ran at so high a speed that after the speed had been 
sufficiently reduced by two sets of gearing, the result obtained at the car 
axle was less than with a motor of considerably lower efficiency that 
required but a single reduction, and in the case of light loads the motor 
of higher efficiency and higher speed was greatly inferior to the lower 
efficiency machine. Engineers who were familiar with the frequent trials 
made of steam engines knew that under practical working conditions the 
sanae efficiency as to steam consumption was rarely attained ; in good 
practice the discrepancy amounted to 35 or 40 per cent. These engineei*s, 
no doubt, would wonder if the same state of affairs held with electric 
motors. He was in a position to say that it did not, provided that in the 
original statement as to efficiency the working conditions, such as loss in 
gearing and avenge load, were taken into consideration. There was no 
difficulty in doing this, as in the case of steam engines, where the quality 
of steam was of great importance. The question of adopting electricity 
to factories generally was being very widely considered. One of the 
principal advantages was the gain from substituting one or two large 
su^m engines, working at the most economical load, in place of several 
smaller ones. The immediate gain from doing this was obvious, and, as 
shown by Mr. Mountain's figures, which he was in a position to state, 
Ixad been realised in practice, and was worth the consideration of most 
manufacturers. Several installations had been carried out on the 
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Oontinent and in America, and in each case the results had been most*^ 
gratifying. The economy in coal and attendance had been somewhat*^^ 
greater than was expected. In one particular case the engines that wer^^- 
scattered throughout the works were moved into one central statioiLa:^ 
and the power transmitted by electricity. It was found that onh^ 
half of the engines required to be run to develop the 
power as formerly owing to the compensation among the differei 
machine shops. Of the advantages of electric cranes, especial 
over the steam cranes so commonly in use, he need hardly speak, 
great number of electric cranes were now in use in Europe and Amerii 
and they were universally satisfactory. It appeared to him that 
the present time a paper discussing to what extent motors might 
individually applied to machinery with economy, and the amounts 
power required to drive various machines, was what was most desii 
The amount of power required by various machine tools under differe=^^ 
conditions was not known even approximately. In a case in Newcast5l^ ^ 
in which he was recently consulted, it had been decided to place expei 
mental motors in various parts of the shops, and practically use them 
dynamometers, so as to find out how to best distribute the power. Whe^ 
the amount of power requh'ed for driving various machines was detei^^ 
mined, something like a comprehensive statement as to how electriS^ 
motors could be best applied to driving machinery might be made. H-^ 
noted that they had before them an armature of a machine which wj^^ 
supposed to be representative of a class suitable for the operation c^- 
machine shops. They would notice the commutator had a great numbe/^ 
of sections, and required considerable skill to manufacture and must be 
expensive. The brushes had to be adjusted carefully, otherwise there 
would be sparking. In the case of overload there would also be sparking. 
It was obvious, therefore, that such machines required considerable 
attention. He was of the opinion that simpler electrical machines should 
be constructed for use in machine shops. He would recommend to their 
attention the properties of three-phase motors. In the smaller sizes there 
was no collector or commutator to the armature, and the winding, instead 
of being several hundred conductors, as in the present case, consisted of 
thirty or forty copper rods having the ends joined together with a circular 
copper ring. The voltage in a multi-phase armature was .exceedingly 
low, rendering liability to burn out or injury very remote. Such 
machines could be put in any convenient spot and perform all work with- 
out any insj)ectioii other than that required by the bearings. Multi- 
phase generators were also much simpler than machines of the class before 
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tiiem. The collector consisted of but three rings, and there could be no 
s^<5l:i thing as sparking, no matter how much the machine was over- 
loaded. It seemed obvious, therefore, that much the greater future was 
open for the use of multi-phase machinery in mill work than for the use 
^^ oommutating machinery. He would further point out the great flexi- 
bility of the multi-phase system, i.e., that by the use of suitable trans- 
'orrtiers power might be transmitted to any distance with comparatively 
Uttle cost of copper, so that in case power was temporarily required in 
P^^<5efi remote from the generators, it could be economically supplied. He 
^^^Id also point out in the case of three-phase power plants for the same 
^"eotive voltage between lines, the weight of copper required for the same 
^*^^i€ncy was three-quarters that required for continuous currents. 

IWr. R. H. TwEDDELL said he had read with great interest Mr. 
'^^-^^xrntain's paper, and he for one did not agree with the previous speaker 



^-■^^xr. Broadbent) that it was unnecessary to give the elementary informa- 
^^^xi which he gave in the first part. It might not be necessary for 
^^-^otricians, but to a mechanical engineer who had to read up this subject 
^'^ ^w-as of considerable assistance. He, however, thought it was a pity 
^'*-^- Mountain had not gone a little more closely into the manner in 
"^Ixich he proposed to apply this electric power to machines in the work- 
^^opg. He had been interested all his life in the transmission of power, 
^^d he thought electrical engineers omitted to give due credit to the 
^ntralisation of power which had already been so successfully done by, 
^ttiongst others, their distinguished townsman, Lord Armstrong. The 
^^nomical advantage in having a central prime mover was never 
more clearly demonstrated than in hydraulic transmission, which 
Bjatem had, of course, a great many points in common with electrical 
tiansmission, with certain features in favour of the former. Of 
course there were some points where electrical transmission could 
Bot touch the hydraulic at all, more particularly in the matter of 
accumulating power. If they were to put the question as between the 
two in the way of distribution they must decide on economical grounds 
in favour of the hydraulic system, which could exert an enormous power 
on an emergency, and required at the same time only a small prime 
mover. In any comparison of electrical transmission and that by shaft- 
ing they should eliminate the prime mover altogether, for an economical 
prime mover would be equally well applied to one as to the other. If 
the prime mover was the steam in both cases they could only credit 
electrical transmission with the saving, if any, due to substituting 
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dynamos, cables, and motors in place of the shafting driving the same 
machines He quite admitted that if the owner of any large engine 
works were told by an ordinary engine builder that his engine was 
consuming 15 or 16 lbs. of coal per horse-power, and that he should 
take the engine and boiler out and put in one that would only 
consume 1^ lbs. per indicated horse-power, it was extremely doubtful 
if the proposal would be entertained. But if Mr. Mountain or any 
electrical engineer makes a proposal to put down electrical machines, 
and said he must have an economical and new prime mover, 8ay„ 
of the compound or triple expansion type, then the owner seemed to 
it in another light, and the electrical transmission got all the credit-^ . 
What he should like Mr. Mountain to tell them about was the econom^^ 
of electrical transmission apart altogether from the prime mover. HL^ 
was quite prepared to be told he was old-fashioned, but when they wer^^ 
informed that in a machine like the dynamo exhibited, the bearings did notS^ 
require taking up at all, that they had run ten years and might run 
eternity without ever being taken up, he wanted to know why a bearing ^ 
carrying an electrical load should run any longer or better than a 
properly constructed bearing under ordinary conditions ? Mr. Mountain, 
however, made no such claim for the dynamo itself. He said it would 
burn up, which he thought much more likely if there were too much work 
put upon it, and this seemed to emphasize what had already appeared to 
him (Mr. Tweddell) the weak point in the present form of dynamos, 
namely, the brushes and commutators, to which he understood Mr. 
^rouutain's remarks to refer. What he wanted to find out was the best 
way elec'trioiaus would recommend to reduce these great velocities to a. 
nianai^eablo vekxiity at the jx)int of their application to machine tools. 
Tlie avonuxo countersliaft miirht Ik^ Uiken to run at 100 revolutions in a 
niimito ; but he took it that these dynamos ran from 800 to 1,000 
ivvohitioiis jxT niiiuite. The other day he had occasion to ask this ques- 
t ion, and he wjis told that they would put a 5 feet pulley on the machine 
without extni chaise I — aninect this by a belt to a drum 8 inches or 
i) inches diameter on the dynamo. This would mean a large increase 
in the cost of machine tools, and as Regarded countershafts he would 
lH>int out that they had, a^ a nile, no room to put a large pulley between 
tlie countoi*shaft and the wall. He had heard people suggest that everv 
lUMchino sliould have it^ own dynamo. That would be one way of gettintr 
over it, and he was dis]x>soil to think that would be, at all events for 
lariiv tools, or sub- sivt ions of small tools, the best solution. He agreed 
with the ivader of the }\ajxT that if a properly designed worm 
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^^ar was used that it would in many cases be a good way to do it. If, 
^i^o^wever, they did away with belting and its somewhat exaggerated evils, 
^^d izised worm gearing, and the man gave too heavy a cut, the chances 
"^ere he would stop the lathe, as the worm gearing could not give or slip. 
^^ii^t would happen then ? Either the lathe or the man would go to 
pieces. He should think if Mr. Mountain would give them a little more 
*^^rxoation on this head it would be extremely advantageous to the 
Meeting. He thought there was an enormous field open for these 
^^^i^cal appliances. He was equally willing to own he had been a long 
^^^^^ in seeing it, but like every other system it was apt to be overdone 
^ fir^t by enthusiasts, and before going head over heels into its 
^^I^liciation it would be well to see where the real weak spots in the 
P^'^i^iont system were, how much due to defective prime mover, how 
"'^^^^li due to defective transmission, and how much due to the machine 
^^^^*^ themselves. Otherwise an owner of works might throw away 
* ^S'^^^'^at amount of capital to meet these alterations, and then not be 
^V^^^*^^^>ciably better off. It would require to be done in connection 
^ ^*x hydraulic transmission, for it was only the work which hydraulic 
^^^^^liJnes could not do that would be better done by electricity. The 
^^ powers together should form a perfect economical application for 
■^>onx-8aving appliances. In no other way could they meet foreign 
^^^^X^tition except by machine tools, and there was no way to save 
^^t; in the works except by the use of economical appliances. They 
^^ixted to get a step further in this direction with the aid of the 
^v^trical engineers. From the remarks made by Mr. Parshall there 
^^ed to be a great advantage in the multi-phase system. If it abolished 
^^^y of the delicate details they saw on the dynamo exhibited, and if 
there were no brushes to get out of order, and if, as he took it from what 
-Mr. Parshall said, these machines could be run for some time 75 per 
cent, above its power without injury to the motors or doing any damage, 
fchen a decided advance seemed to have been made. Mr. Mountain 
iBight also supplement his paper in regard to cables, by giving the 
cost in addition to the information about conductors, so that they 
might make comparison between hydraulic or electrical transmission and 
shafting. The author need not give it in miles, but give the cost per 
yard, and confine himself to the ordinary distances met with in ship- 
yards and engine works. He (Mr. Tweddell) would, on the other hand, 
be happy to give him the cost per yard of hydraulic mains for com- 
parison. 
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Mr. L. Newitt congratulated Mr. Mountain upon his paper, and said 
ae considered it had filled up a gap left by the papers read before this and 
other kindred institutions. In this paper the ordinary engineer was able 
to grasp the meaning and value of practical electrical units without a 
tedious study of text books. In addition to this they had illustrated 
machines and systems for electrical transmission of power brought np to 
date. There were a few points, however, which he should like to raise. ,^ 
In the table giving the efSciencies of motors, would Mr. Mountain 
please say if these efficiencies were taken at full load? If so, w 
was the efficiency at half load? To make this table more complei 
it would have been of great use to give the speed of each motor, 
they knew the speed was very high, exceeding in most cases 1,000 revol 
tions. Now, shafting runs at about 150 revolutions per minute, and 
apply motors to shafting, there must be applied a reducing gear whi 
absorbed from 15 to 25 per cent, of the power as pointed out in the pa; 
Taking this loss at 20 per cent., the loss in dynamo 10 per cent., the 1 
in motor 20 per cent., and the loss on leads 5 per cent., they had a tota^ 
55 per cent, loss on power delivered by main engines in transmissioii 
machine tools. Taking for comparison the case of ordinary belting a 
shafting which had been properly laid out and kept in good order, the 1 
due to each would average about 10 per cent., thus making a total I 
during transmission of 20 per cent. That might seem very low, but 
data which had been collected that seemed to be very near the mark. 
an example of easy working shafting he had under his notice lately 
cases where 100 yards of shafting 3 inches diameter could be easily set i 

motion by two men hanging on to a 6 feet pulley, and unless that could 

done the shafting would have to be overhauled and set more correctly. Th^^^^ 
total waste of power in that shafting was found to be from 6 to 10 per cen 
With reference to belting the following points had been noted : — (1) Tigh 
iKjlts should be avoided wherever possible, as they were found to absorb ^ 
considerable amount of power. (2) Belting wherever possible should be 
run horizontally. (3) The centres between the shafting connected by 
U'lting should not be less than 30 feet. (4) The life of an average belt 
under ordinary conditions might be taken at twenty years. Judging from 
the foreLCoin? fiirures, viz., where belting and shafting were used 20 per cent, 
loss, and where electric motors were used 55 per cent, loss, it appeared that 
in an ordinary works electric motors for general application w^ere at pre- 
sent out of the ciuestion. But if they took a unique case, such as where ten 
engines of 25 lu)i*se-power were spread around instead of two or three lan^e 
engines tixed near to their boilers, then it was quite possible to show bv 
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« 

^^ of condensation, extra enginemen, extra boilers, and other causes, 

"^t^tial advantage in using electric motors. Plate XVIII. illustrated 

^y^t^m of wiring for shops, showing all leads connected together. Why 

^^ Garth the terminals of all motors, and thus save at least one-third of 

^ Cable ? When dealing with the design of dynamos, Mr. Mountain 

^^ iiecommended that all field magnet coils should be fixed as high 

Pofisible above bearings and main shafting. This he (Mr. Newitt) 

^Ul<3 particularly like to call attention to as he knew of two cases where 

^«i<i magnets, bemg placed low down had, after a time, given out owing to 

^^ oil saturating the insulation. Now, with reference to the works with 

'^ioli Mr. Mountain is connected. It would be very interesting if Mr. 

^^^tintain could give them some idea of the saving due to electrical trans- 



kion, and that due to the improved engines and boilers which had re- 

f^*^<5^d the old ones. Having seen both plants he (Mr. Newitt) would 

^^^^^olude that the saving in coals was due rather to the new engines than 

electrical transmission. It seemed to him that the real fields for 

^ ^'''^^^.Tic motors commenced with long lengths of steam piping, such as 

sometimes required in shipyards and mines, owing to the condensa- 

in steam pipes and other causes which had ali'eady been so plainly 

E^^^ixnted out both in Mr. Mountain's and the President's (Mr. Richard- 

®*^^^^) papers. For dockwork and outdoor cranework, electric transmission 

^^^^vxld be more easily apphed to the various pumps and cranes than other 

^^cietliods of transmission. Also there was no doubt as to increased safety 

^x-om fire in cotton and flour mills where inflammable material was float- 

^^^S in the air ready for ignition by sparks which could be obtained from 

Nearly all belts when running in dry places. Some information upon 

^^is latter point would also be of great value. 

Mr. Wm. Boyd said it was not often he had an opportunity of 

attending these meetings ; but being present, he had a sort of feeling he 

Bfloal(j like the members to be alive to the fact that he was still in 

^^^lice. He admitted to very great ignorance of the subject discussed 

^iere that night, but from the point of view of the application of 

economy to their workshops, the subject was one that had commended 

itself to him for a very long time. It was brought more strongly before 

them than ever by the inaugural address of Mr. Richardson at the 

beginning of the session. There was, no doubt, that the electrical 

engineers of this and other districts ought to be much indebted to Mr. 

Richardson for his notice of the subject in his inaugural address, for it 

<rave an inamense impetus to the discussion of a matter which was very 




160 DI80n8SIOir--TBAHS]n88ION OF F0W1BB BY ^EOTEIOITT. 

wide in its ramifioations, and, he might say, had enormons possibilit/e 
before it. Periliaps it might be known to some of them that the qnestioi 
of what they might call '^ economy of prodnction ^* was one of his little 
hobbies, and the necessity for that economy of prodnction was none th( 
less evident now than it was when nrged in thid^ room some ten years ago 
The price that they conld obtain for the prodnce of tiieir works wa 
rednced to a minimnm, and, as far as they conld jndge, with very littl 
prospect of improvement. Therefore, if works were to be carried on witi 
the most moderate d^ree of success, it was necessary to look in othc 
duections and see where any economy in prodnction or carrying on tfa 
work in the workshop conld be carried out, and if this electrical dif 
tribntion of power was directly or indirectly the means of inducin 
mannf^nrers to modify or remodel their establishments, and if 
were established on a sound basis (as had been said by son 
speakers and pointed out, he thought, in this paper) that tl 
capital expended could be recovered in three or four years it won 
be a very attractive programme indeed. What was the weak point 
the comparison in this paper? He said ^^weak point ^* without wishin 
to be ofiensive. It Iras pointed out when Mr. Bidbardson called attentioi 
to the subject in his in»igural address, and had been alluded to by Mi 
Tweddell, and it was this: — ^The comparison before them went upon th 
assumption that the different steam engines (say eight or ten in differer 
parts of the works) were all abolished, and the necessary power put int 
one highly eflBcient surface condensing triple expansion engine. Thj 
was perfectly true. The advocates of this system must admit it wj 
perfectly true, and the great percentage of their saving lay in thj 
element ; but the answer, he took it, was this : for electrical distributic 
they must have the most economical engine power, and they could di 
tribute it with very small loss (90 and 95 per cent, of efficiency). I 
had been justly pointed out, one of the successes of this system lay in tl 
improvement of the motive power — the engines ; but still he thought tl 
electricians had a right to turn round upon them and say that was pe 
fectly true, but you cannot make use of that economy except by soi 
system of electrical distribution. The great difficulty, or one of the gr* 
difficulties, which he saw had to be got over, was that alluded to by B 
Tweddell, the reduction of the speed of the motors, running at 1,8 
revolutions, down to the ordinary number of revolutions required by i 
ordinary lathe or planing machine. Mr. Mountain had alluded in h 
paper to wonn gearing. He had not seen many instances of that in h: 
own practice; but there were planing machines driven by worm geai 
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^ "^^u might perhaps be successfully followed, but he saw great difficulties 

^ Very large pulley attached to the ordinary countershaft, for it was 

^^ ^'"^ ^y * bracket, something like 2 feet long, from the inside of 

^ girder, or attached to a bracket on the wall, so to put a very large 

-t»UJiej Qjj ^ bracket of that kind could not in fact be done. They would 

^'^ler have to remove all the shafting or make some other arrangement ; 

. ^*' he thought it was one of the problems to which those who were devot- 

tlemselves to this subject would have to apply themselves. There was 

doubt, in his opinion, that there was a great field for this subject 

^ol had been brought before them on this occasion. If ordinary 

i^eering establishments were to live at all in times like these it could 

be done by reducing their working expenses to the very smallest 

ble point. 

^r. J. H. Holmes said there were only one or two points he begged 
ention, and one was with reference to the reduction of speed of the 
rs, so as to make them available for working machinery. One way 
oing this, which had not been mentioned yet, was simply to have the 
ir made of a rather larger size. There was no difficulty in making a 
r to work at as slow a speed as they could wish for, if only they 
Tild pay for it. Another point was about the bearings. The ques- 
was whether they need be adjustable or not. A dynamo was very 

Cerent to a steam engine in that the motion was not reciprocating 

it was simply a plain rotatory motion, and there was very little 

npon the bearings, merely that due to the belting, but that pull was 

JB m the same direction. Oonsequently, as he said, the bearings of 

inotors were under very diflferent working conditions to the bearings 

^ steam engine. 

-'^e following communication on the subject from Mr. 6. T. Duncan 
^''^ ^^eceived :— 
-^ Newcastle-upon-Tyne, 

^^ Mr. Duckitt, February 12th, 1895. 

^ -^^Ue interest evinced in the recent papers here by Mr. W. C. 

^ ^tain, and elsewhere by Mr. Alexander Siemens, on the " Electrical 

^^tniflsion of Power," afford ample evidence of the paramount import- 

tK ^^*^^ ^ ^^^ subject by engineers generally. In connection with 

. Papers, to which I have been privileged to listen, I have observed 

^^ Comparisons have been made only with steam engines, which, in 

^^ caaea, ate apparently of ancient design and construction, and ill- 
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adapted to the work in which they were engaged during the tests, thus 
showing an abnormal and unreliable coal consumption per indicated 
horse-power, while on the other hand the electrical plant has been of 
modern construction, and probably under the actual supervision of the 
manufacturers or their experts. If the most desirable practice of 
indicating steam engines periodically were adopted to a greater extent 
than prevails at present, I feel sure that much of the wastefulness, to 
which reference has been made, would be avoided. In considering the 
paper under discussion, we are apt to infer that the steam engine is the 
only rival of the electric motor, because, so far as I am aware, no 
particular reference has been made to any other. I feel justified there- 
fore in asserting that there is another form of motive power, which, 
during the past few years, has been extensively and successfully adopted, 
not only in small manufactories where, for intermittent work, the 
economy is immense, but also in large engineering establishments and 
shipyards in the North of England and elsewhere. Need I say that I 
refer to the gas engine, which possesses many of the advantages claimed 
by the advocates of the electric motor? The plan hitherto generally 
adopted has been to gradually apply such engines of 16 to 80 nominal 
horse-power to the various sections of a large works, in close proximity to 
the centre of the main shafting. A complete stoppage of the works 
through mishap is practically impossible. Each engine is entirely 
independent, and is available for work at almost any moment, vehile 
overtime or night-shift can be worked in any department with very little 
expense, and I believe that apart from the greater convenience and saving 
of space, a substantial economy is effected, when using towns gas, which 
is of course moderately cheap in this locality. In some towns, however, 
producer gas is applied, which is made from either anthracite coal or 
coke, and it effects a much greater saving, as gas, sufiBciently good for 
the purpose, can be provided at a cost of about 3d. per 1,000 cubic feet. 
I have recently been provided with some figures showing the cost of 
working three of Tangyes gas engines (with gas producing plant) 
indicating about 140 horse-power, and find that, using coke as fuel, 
the consumption is only 1*05 lbs. per indicated horse-power per hour. 
Some later tests show an even greater economy, and with anthracite coal 
as fuel, it is safe to undertake a consumption within 1 lb. per indicated 
horse-power per hour. These gas engines replaced steam engines of 
fairly modern construction, which were destroyed by fire. The immense 
saving will be apparent when it is stated that the total cost of running 
the steam engines for three months was £175, as against £51 in the case 
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of the gas engine, giving a greater output for a similar period. I feel 
that we are all indebted to Mr. Mountain for the very lucid, exhaustive, 
and interesting paper, which he has provided for our consideration, and 
hope it may prove an incentive to other members to lay before us the 
results of their tests or experience with any of these powers from a user's 
point of view only. It may be of interest to add that gas engines with 
siDgle cylinders are now being constructed to indicate about 160 horse- 
power, and that several similar engines are in hand of 120 indicated 
horse-power each, for driving centrifugal dock pumps direct in a neigh- 
bouring town. In conclusion, I may state that the recent rapid extension 
of the adoption of gas engines is also due to the enormous reductions that 
have taken place in first cost during the past few years, and to their now 
recognised simplicity and reliability. 

Yours faithfully, 

Geo. T. Duncan. 



The discussion was adjourned. 
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ON THE APPLICATION OP THE ELECTRIC ARC TO 
MACHINERY AND BOILER REPAIRS, ETC. 



By henry foster. 



[Bead befobe the Institution, in Newcastle-upon-Tyne, 

ON Fbbbuary 12th, 1895.] 



At the present time there are two principal systems of electric welding 

in successful operation, and each system possessing special features which 

render it more particularly adapted for certain classes of work than the 

other. Firstly, we have the Thomson-Houston system, in which the 

heating effect induced by the resistance to the passage of the electric 

current through the articles to be welded together, accompanied by a 

certain amount of pressure between the parts thus heated, is made to 

produce the required weld ; and, secondly, we have the Benardos or arc 

system, in which the article to be operated upon is made to constitute one 

pole of the electric circuit, while a carbon pencil attached to a portable 

insulated holder, and held by the workman, constitutes the other pole, the 

electric arc — which is the heating agent of the process — being struck 

between the two poles thus formed. When steel or iron is being welded 

it is usual to make the carbon the negative pole, and the steel or iron the 

positive pole ; but for other metals the poles are sometimes reversed. In 

welding lead, for instance, it is usual to work with the carbon positive. 

In this paper the writer proposes to confine his remarks and illustra- 
tions exclusively to the Benardos or arc system of welding — which, 
having been considerably improved in detail during the last few years at 
the works of Messrs. Lloyd & Lloyd, Birmingham, at Newbum, and 
elsewhere, is now more generally known as " the improved Benardos 
system " — ^^^ °^^^ particularly to the application of this system to 
repairs of machinery, etc., done under his supervision. 

The method of working is a very simple one, and is practically 

identical lb all cases. The only difference between the methods of 

^, .^ 13 

vox* 30.— 
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working adopted by Messrs. Lloyd & Lloyd, and those adopted 
Newborn, is in the construction and arrangement of the resistances, ani 
may be taken as generally illustrative of the methods adopted elsewhei 
and shortly described as follows : — 

At Messrs. Lloyd & Lloyd's, Coombs Wood Works, the welding plai 
is arranged as illustrated by Pig. 1, Plate XLV. Here an ordinal 
lighting low tension continuous current dynamo is used, to the tenninj 
of which a battery of Benardos accumulators is connected, and into whi^. 
the current flows continuously. When the welding circuit is closed, 
current flows from the dynamo and accumulators through a 
regulating resistance, and by these means a discharge equal to a1 
twice that of the capacity of the dynamo is available. In parallel 
the terminals of the dynamo or battery as many welders or weld: 
machines as may be desired can be connected, and every welder is al 
independently to vary his current and pressure to suit the work in hai 
at the moment. One terminal of each welding system is connected 
means of a flexible cable to a carbon pencil held in an insulated holdei 
which is in turn held by the workman, while the other terminal of th. 
system is connected to the table on which the work lies, or to the worl 
itself. The special advantage of this arrangement of resistances anc 
accumulators is that it admits of wide limits of variation of current anrX^ 
pressure to suit the different classes of work which may be in progres^^ 
and in the installation at Coombs Wood, arrangements are made so thi 
the works, oflBces, and foremen's houses are lighted, motors are drivei 
and the electric welding plant is supplied with current all from the mnz2^ 
system of mains simultaneously. 

In cases where the current and pressure required for the work in 
progress are practically constant, and only welding is required to be done 
for the time being from the circuit, it is possible to work effectively 
without accumulators, providing large resistances are adopted, and this 
latter method of working, illustrated by Pig. 2, Plate XLV., is that in use 
at Newburn. 

The efficiency of the method of working, illustrated by Pig. 2, is not 
so high as that illustrated by Pig. 1., because during the time 
that welding is not being done the outer circuit is not closed, and no cur- 
rent is passing, consequently the whole plant is running light ; but in a 
welding installation this defect may in a great measure be obviated by 
arranging two or sometimes three welders in the same circuit, and so 
arranging matters that when one man is welding the other one is dressing 
his work and making preparations for his turn. 
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Tn any case, however, the method illustrated by Fig. 2 has the 
^vantage of decreased first cost, and is more portable, and it becomes a 
Matter of £ s. d. with each individual user, as to whether the method of 
forking as illustrated by Fig. 1, with its greater first cost and greater 
efficiency, or the method illustrated by Fig. 2, with its less first cost but 
P'^^portionally less eflficiency, is most suitable for the particular work to 
^ done ; bearing in mind that method No. 1 admits of a greater range 
^^ Variation of current and greater length of arc being obtained than 
With method No. 2, and that with the lighter classes of work it is 
to use as long an arc as possible, because the heating eifect is 
regular and better distributed. 
The real object of this paper, however, is not to discuss the relative 
}s of the different methods of arc welding under special circum- 
Lces, but to show by a series of illustrations: — (1) What has been done 
tlie method of working illustrated by Fig. 2 ; and (2) to explain to 
interested the simplest and cheapest method of doing similar work, 
the writer's experience would suggest. 

General Machinery Repairs. 

T'ig. 8, Plate XLVI., represents one of the eccentric rods of the revers- 

engines which drive the plate mills at Newburn, and which was 

^«^dentally broken as indicated on August 18th, 1891. The engines 

"^bich had only recently been erected were being tested under steam (with 

^ view to having all in readiness for the official inauguration ceremony 

^ connection with the opening of the mills on August 15th) when, 

owing partly to the sand and dust incidental to a new works, and partly 

owing to the negligence of the greaser, one of the eccentric straps seized, 

and the eccentric rod bent and broke close to double eye neck. 

The eccentric rod being of steel, and the position of fracture so awk- 
wardly situated that it could not be readily welded in the ordinary way, it 
tvas decided to straighten the bent and broken rod and electrically weld it. 
This was done, and the engine with repaired eccentric rod attached was 
running again under steam at six o'clock the following morning. The 
eccentric rod as originally welded is still working, and has never since 
given the slightest trouble, although the engine in question has rolled 
every plate which up to the present has been made at Newburn. 

Fig, 4, Plate XLVI., represents a slot-link for the reversing engines 

originally supplied to drive the live rollers of plate mill previously 

referred to, and which, while working, broke as indicated and stopped 

the mill. The broken pieces were placed together and electrically welded 

at the points of fracture, after which the link was fitted and erected, and 
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the engines with repaired slot-link were running again within one hour 
from the time of original breakdown. This slot-link continued to work 
for over twelve months without trouble, and until the engines were 
eventually removed. 

Fig. 5, Plate XL VII., shows one of the steel roughing rolls for a bar 
mill, which under normal conditions works with heavy draughts on hard 
steel, and by which the wobbler end had been worn, as indicated, until the 
coupling box turned round without driving the roll, thus rendering the 
roll useless. The roll, which weighs over 50 cwts., was taken out and , 
the worn portions electrically welded up again to original size. The:^ 
whole operation of taking out, welding, and putting in place again, onlj^ 
necessitated the mill standing for twenty-four hours. The welded roL* 
has now been running for about six months, and although the wobbler S 
again wearing out, it is satisfactory to know that when it is again won^ 
so that the coupling box refuses to drive, the welding can be repeat^^ 
again and again if necessary. 

Fig. 6, Plate XLVII., shows one of a pair of cast steel helical pinio--:^::: 
each weighing over 6 tons, for a large reversing plate mill. These pinio , 
had to be taken out and the spare gear substituted, owing to wobbler a^i*^ 
being worn as indicated by the constant reversing of the mill. Wi^ ^ 
reversing mill pinions there is often a difficulty experienced in cast/cz:^ 
them of the exact hardness most suitable for the work. Either they a«i- 
cast too hard, causing the pinion teeth to break before the wobbler enc^^^ 
are worn, or, as in this case, the wobbler ends are worn while the teetl ^ 
are left perfect, owing to the steel being too soft. These wobbler end 
were electrically welded up to the size originally made when new, an(^ 
the pinions put to work again on January 28th, 1895, and although sinc*^ 
being welded they have not been working long, yet, there is no need t 
anticipate trouble from the welding. 

Fig. 7, Plate XLVII., and Fig. 8, Plate XL VIII., show two different 
sizes of live rollers for carrying the plates at the front and back of the plate 
mills to which they respectively belong, and, owing to the washing of plate 
scale into the bearings during the operation of rolling, the bearings in 
several instances had been worn and considerably reduced in diameter, as 
shown by dotted lines ; and under ordinary circumstances this would have 
necessitated new live roller shafts. Instead of providing new shafts, the 
worn bearings were electrically welded up to sizes sufficient to allow of their 
being turned to the original finished diameter. They were then machined 
and put in place again ; six of the larger type of shafts, represented by 
Fig. 8, having been repaired in the manner indicated during the last New 
Year liolidays. 
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^^g. 9, Plate XLVIII., shows the crank shaft of the small screwing 

^^ea fixed on the top of the plate mill housings. The object of these 

^^^es is to turn the housing screws, and regulate the distance between 

^ ^olls, and thereby determine the amount of draught at each pass of 

^^ slab. The original eccentrics on these crank shafts were in halves 

^^ keyed to the shafts in the usual way ; and so long as this arrange- 

^^^t existed, constant trouble was experienced, either due to the eccentric 

^y^ or bolts coming loose, or to the eccentrics breaking. It was there- 

^^^ decided to electrically weld new steel eccentrics to the old crank shafts, 

^^ this was done as follows : — Rough slabs of steel were smithed to the 

^^Pe shown by Fig. 10, Plate XLVIII. These slabs were then heated 

^^ hofc, and clasped round the shafts, and the V-shaped recesses (a) (a) 

^^^'•ically welded up to form the complete eccentric in each case. The 

^^fte were afterwards centred in a lathe, and the eccentrics turned to 

^*^ed shape in the usual way adopted when turning eccentrics on a 

^^ shaft. Two exactly similar crank shafts had eccentrics fitted in this 

^^tier, and neither of them has given the slightest trouble, although 

^ first one has now been working for nearly twelve months. 

^ig. 11, Plate XLVIII., shows a small locomotive axle, to which 
^l>le eccentrics have been fitted, exactly in the same manner as above 
^^^cribed. 

B*ig. 12, Plate XLIX., represents in detail the draw-back piston and 
r ■^tK>ri rod of a "Davy" 2,000 tons hydraulic forging press, illustrated in 
^^ and end elevation by Figs. 13 and 14, Plate XLIX. When working, 
"^as found that the draw-back piston rod a b was 10 inches too long at 
^^ h to admit of forgemen's cutters, etc., being readily used, and as the 
^^Ued portion of piston rod at end h was only 9;^ inches long ; it did not 
^^it of being screwed further up, and at the same time suit existing nuts 
^^^n 10 inches had been cut off ends of piston rods. The excess length 
^^ 10 inches was, however, cut off, after which bosses were electrically 
w^^Wed on to the 4;^ inches diameter shaft ends of sufficient size to admit 
of their being turned as before to 4| inches diameter and 9^ inches long. 
Tie piston rod ends were then screwed to suit old nuts and afterwards 
erected, and the press worked as before without any trouble being experi- 
enced. 

Fig. 15, Plate XLIX., shows a shaft with flange coupling keyed on one 

end. The continual reversing of the engine to which this shaft belonged, 

together with the heavy nature of the work done, started the keys, which 

in turn damaged the edges of their key-beds, and also the bed of shaft 

coupling, as illustrated. The damaged parts were welded up again, and 
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the bed of the shaft coupling turned, new key-ways cut, and coupling keyed 
on as before. This example is only one of several shafts which have been 
treated in the same way — many of them being done in sitUy and always 
with excellent I'esults. 

Fig. 16, Plate XLIX., shows a cogging mill live roller, the outer case 
being of cast steel with forged steel central shaft. The object of these 
rollers is to carry the hot ingots, weighing in some instances upwards of 
7 tons, to and from the main rolls during the process of cogging ; and 
owing to the heavy nature of the work, especially in the immediate 
neighbourhood of the main rolls, the cast steel outer cases frequently 
broke — mostly in the comers as indicated — leaving the central shafts 
unaffected. Several of these broken outer cases were electrically welded 
and again put to work, and although some of the electrically welded 
rollers which occupy favourable positions furthest away from the main 
rolls have been at work nearly three years without fracture, yet it was 
found that those electrically welded rollers which occupied the most 
unfavourable positions nearest the main rolls continued to break ; some- 
times at the weld, and sometimes through the unwelded parts, without 
distinction ; and the trouble was not overcome until solid forged steel 
live rollers had been substituted for the original cast steel cases in the 
immediate vicinity of the main rolls. 

Fig. 17, Plate XLIX., represents another type of live roller, of which 
there are six altogether, forming an extension of live roller system for 
carrying the hot slabs from cogging mill to hot bloom shears. Owing to 
an error in original sketch dimensions, the central shafts of these live 
rollers were all made and finished 2^ inches too short at the ends where 
raitre driving wheels are keyed on, thus leaving very little length of shaft 
to which the mitre wheels could be keyed. The extra length of shaft 
reciuired in each aise was electrically welded on by "building up" in the 
usual way, and the wheels keyed upon the electrically welded portion as 
shown. Those shafts have been at work for about three and a half vears 
without trouble, having ciirried all the hot slabs required in the manu- 
facture of plates since the mills were started. 

Apirt from the general work done at Newburn by this process in the 
repair of slightly defective steel aistings, many other instances might be 
cited where repairs of a similar nature to those already described have 
lKH?n done ; such, for instance, as welding in the teeth of cast steel wheels 
which have been broken out while working, without removing the wheels 
from their sliafts, but one more example must suffice before proceeding 
to treat of the uppliciition of the process to boiler repiiirs. 
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Fig. 18, Plate XLIX., shows a steel hydraulic ram, forming part of a 
Wicksteed's patent hot bloom shears. The object of this ram, which 
works automatically with the shears, is to hold down the crop ends or the 
.hot slabs, and prevent them from tilting up while being cut, and after- 
wards falling back upon and doing damage to the live roller table. The 
end of this ram when in use rests immediately upon the bright red hot 
slab, being, of course, exposed to the full heat of the slab at the time ; 
but just previous to, or after the slab has passed, the cooling water is 
turned on to cool the cutting parts, and those parts of the machine in the 
immediate neighbourhood. Thus the end of the ram is alternately 
exposed to the heat of the slab and the cold water used for cooling 
purposes, and was originally circular in plan and too far away from the 
cutting edges of shear blades to prevent the short crop ends tilting up 
and jamming between the shears apron and the ram. The ram was 
therefore taken out and electrically welded to form shown, so that now 
the foot of ram is rectangular in plan, and since being welded has worked 
under the conditions named for about two and a half years without 
giving the slightest trouble. 

Steam Boiler Repairs. 

The first application of the process of electric arc welding in connec- 
tion with steam boiler repairs at Newburn, was made in September, 1891, 
upon a boiler supplied by Messrs. Joseph Booth & Bros., Rodley, near 
Lieeds, for driving one of their 35 tons overhead steam cranes, and shown 
in outside elevation by Fig. 19, in sectional elevation by Figs. 20 and 
21, and in sectional plan by Fig. 22, Plate L. 

This boiler, which is eminently adapted for raising a large volume of 
steam in a limited space, is provided with an outer casing lined with fire- 
brick, built in the form of flues, which completely encircle the outer shell 
of the boiler, so that the hot gases from the fire are compelled to pass 
entirely round and in contact with the outer shell before escaping at the 
chimney. 

The defect, which was situated at c (Fig. 20), where the outer shell 
of boiler is riveted to bottom plate, had originally existed as a leak, 
which, not being visible from the outside, had caused considerable corro- 
sion at this point before it was discovered, and when the corroded parts 
had been cut away to full plate thickness, a hole was left in the outer 
shell, 5J inches long by 8^ inches deep, and extending round the bottom 
flange of outer shell in the immediate vicinity — a somewhat diflBcult 
place to fix a patch without removing the internal firebox. 
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^^ were stopped, and no further trouble has been recorded during the 

ti months which the boiler has been running since the work was done. 

^ig 26, Plate LIL, is a longitudinal cross sectional elevation and Fig. 

^n end elevation of Lancashire boilers, each 28 feet long by 7 feet 

^■^ches diameter, four of which, numbered respectively 5, 6, 7, and 8, 

^^^^ to defective construction of flues and furnaces, have given 

iderable trouble in working. In these boilers (which were constructed 

i working pressure of 100 lbs. per square inch) the different lengths 

ue, instead of being welded and made truly cylindrical, are each 

ed with single riveted lap joints below firebar level, and the 

nate lengths made to break joint at a and b (Fig. 27), and joined 

ther by Bowling hoops as shown. 

'Where the lap joints of flues make joint with Bowling hoops they are 

to a fine edge, and with the expansion and contraction of the flues 

«r pressure a heavy stress is brought to bear upon the Bowling hoops 

e immediate neighbourhood of the joints, with the result that the 

ling hoops crack in the comers as shown at a (Fig. 28, Plate LIT.), 

a certain portion of their circumference immediately opposite the 





^^^Situdinal joints in the flues — the cracks in every instance being in the 



ler adjacent to the lap joint — and although not immediately dangerous 

^^^ working of boOers had to be discontinued owing to excessive leakage. 

To fit new flues, or even to fit new joint rings in place of Bowling 

^^ps, would have necessitated the boiler fronts being taken off, which, 

^^^^^^spective of the expense, in this case impHed that part of the working 

P»^tit must stop for want of steam. 

The trouble commenced with No. 8 boiler in September, 1893, and in 

*'0e first instance was confined to one boiler only, and one Bowling hoop, 

the crack being 13 inches long, and extending about even distance on 

dtiiQT side of flue joint. It was proposed to electrically weld the defect 

in situ, but before doing so the Boiler Insurance Company were requested 

to allow their inspector to attend and witness the process of electric arc 

welding as carried on in another department of the works, and satisfy 

liiinself as to the feasibility of the proposal ; this being done, the 

boiler was electrically welded as follows : — k pair of ordinary electric 

cables were procured, of sufficient length to reach from the electric 

lighting dynamo to the boiler, and of sufficient size to carry the necessary 

current. One end of cable No. 1 was attached to the positive terminal of 

the dynamo, and its other end to the boiler manway cover. While 

one end of cable No. 2 was attached to the negative terminal of the 

dynamo, and its other end to the resistances, which in this case, as in 
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others already cited, consisted of a number of ordinary arc lamp resistance 
coils. From the resistance coils a flexible cable was carried over the 
boiler front and into the boiler flue, and terminated at the carbon holder 
held by the workman. The crack was then gouged out, and welded up 
by inserting small nuggets of mild steel and melting them under the 
influence of the electric arc, and gradually incorporating the new material 
with the old in the vicinity of the line of fracture, the form of finished 
weld being shown at h (Fig. 28), where the shaded portion indicates new 
material added. The welding operation occupied about five hours, and, 
when completed, the boiler was tested under water pressure to 150 lbs. per 
square inch, and found perfectly tight, and steam was raised in this 
boiler on the following day. 

Exactly the same trouble as that above recorded was experienced with 
Nos. 6, 7, and 8 boilers in October, 1893, the crack in Bowling hoop of 
No. 8 boiler being at opposite side of flue to that previously welded. 

No. 6 boiler was electrically welded on Saturday, October 14th, 
No. 7 on Sunday, October 15th, and No. 8 on Monday, October 16th, 
and after being tested under water pressure, as before, were all working 
under full steam pressure at 6 a.m. on October 17th. 

In the case of No. 8 boiler the exact time occupied in welding the 
crack (5 inches long) was recorded as follows : — 

Boiler blown off at 1*30 p.m. 

Commenced to electric weld at 3 „ 

Welding completed at 4-30 „ 

All the boilers continued to work almost without interruption and 
without trouble being experienced until August and September, 1894, 
when very heavy tiring was necessary to meet the increased demands for 
steam, and it was again found necessary to electrically weld the boilers 
as follows : — 

Aug. 11th.— Electrically welded Bowling hoop of No. 5 boiler — crack, 4^ inches long. 
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In two or three instances cracks have again occurred through the 
electrically welded joints, but this has always been directly opposite the 
loniiitudiiial seams of the tubes where fracture of original hoops took 
place ; and from experience j^ained in welding these defects and carefully 
noting their behavionr the writer is of opinion that by electrically 
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welding the Bowling hoop and tube together in the immediate neigh- 
bourhood of the junction of longitudinal seams with the Bowling hoops, 
and slightly increasing the total thickness at this part by building up 
and thereby stiffening the joint, the trouble can be entirely overcome, if 
this has not already been done, seeing that it has not been again 
necessary to weld the joints since September, 1894. 

Cutting and Boring. 

Another very simple application of the electric arc is that of cutting 
and boring metals roughly to shape, and in work of this kind the same 
methods of procedure apply as in all the other cases cited, viz., that the 
article to be cut is made to form one pole, and the carbon pencil the 
other pole. Under these conditions, if the carbon pencil is brought in 
contact with the metal to be operated upon, an arc is immediately struck 
between the carbon pencil and that part of the metal in contact with it 
at the time, with the result that the metal is instantly melted in the 
immediate vicinity of the arc, and may be allowed to flow away as it is 
melted. In this way holes may be pierced in steel, iron, or other plates 
with great rapidity, and by moving the arc gradually along the holes 
may be elongated into slits of any required length or shape at the option 
of the workman. 

Fig. 29, Plate LII., shows a wrought iron tube sunk in the river bank 

and surrounded with broken slag and gravel. The object of this tube is 

to form a large strum from which water may be pumped at all states of 

the tide, and originally it was lying in stock as a plain tube without holes 

in side plates. The tube as shown was sent to the electric welding shop 

at 8 a.m., and between that time and four o'clock on the afternoon of the 

sunie day, 304 holes, each about 1 inch diameter, had been pierced 

through the 5-16 inch thick side plates — the actual rate when working 

being between two and three holes pierced per minute. 

Fig. 30, Plate LII I., shows an end elevation and Fig. 31 a sectional 
plan of the port block of a Siemens-Martin steel melting furnace. The 
ends of this furnace were originally built with ^ inch steel binding plates, 
placed between the furnace brickwork and the end buckstaves, and 
practically covering the whole of the furnace ends as shown. When 
the interior surfaces of the gas and air ports had been partially melted 
away by the action of the hot gases, and required slight repairs, the 
4 inch end plates prevented the work being done without pulling down 
the whole of the brickwork overlying the damaged portions of the ports. 
If the furnace binding bolts had been released in order to take out the 
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ttM,^ native cable should be divided, and resistances a a interposed as 
n, except in special cases where the cables are sufficiently long to 




re:»=M.ci^r resistances unnecessary. 

The resistances may be composed of a number of bars of iron, wound 

int. -fclxe form of helical springs to reduce the space occupied, or, preferably, 

tlM- ^^ i^sistance coils ordinarily used in connection with the arc lamps may 

b^ To^tiilised and arranged as shown by Fig. 34, the only necessary con- 

di^^'io:!! being that sufficient resistance be interposed to ensure a steady 

<3ontinuous arc at the operator's carbon b, and in all ordinary cases 

wiU be obtained by a drop in the voltage of that portion of the 

•^ive cable lying between the resistances and the operator's carbon, as 

X^red with that portion lying between the negative terminal of the 

^^mo and the resistances, of about 30 to 35 per cent. ; or, in other 

s, if the pressure at dynamo be, say, 80 volts, the pressure at 

iter's carbon should be, say, 52 to 56 volts to ensure a steady and 

inuous working arc, and this will generally be obtained by interposing 

24 to 28 ordinary 8,000 C.P. arc lamp resistance coils, as shown at 

• 34. 

Of course a very much more portable and equally efficient regulating 

ice may be arranged, but in the case cited it is assumed that 

the arc lamp resistance coils are at hand. A short portion of the 

^^^^^^^e to which the operator's carbon holder is attached should be flexible, 

^ ^ to admit of easy manipulation of the arc, and as light as possible 

^^istent with its carrying the necessary current without undue heating. 

The face and eyes of the workman must in all cases be protected ; 

™t portion of the protector covering the eyes being of coloured glass, 

preferably in three separate thicknesses and composed of two red pieces, 

occupying the back and front, with a blue piece interposed between them, 

/or if the eyes are exposed even momentarily to the full glare of a large 

arc, an effect is produced upon the muscles of the eye which, though not 

permanently injurious or of more than a few hours' duration, is very 

painful and disagreeable while it lasts. The effect produced upon the 

&oe, or other tender portions of the skin by exposure to the radiant 

enei^gy of the arc, for any length of time — although not felt at the time 

of exposure — is similar to that produced by a very severe sun-burn, and 

also painful when an attempt is made to wash the parts with soap. With 

these precautions taken, no trouble has ever been experienced, and the 

game men are now at work welding who have been associated with the 

process since its installation, and with such a low E.M.F. it is impossible 

to get a dangerous or even unpleasant shock, consequently the machine 
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or articles in dzoait may be handled with impunity, and all the operations 
of welding, etc, carried on with the workm^ sitting or lying upon the 
articles being welded. 

NE09SSABY FmSOAUTIONS TO EKSUBE SoXJin) WSLBS. 

Ist. The carbons nsed should be ^nnooppered*' and of one uniform 
quality, sound and hard, and having a metallic ring when struck, and 
must bum with little or no dust deposit, otherwise the finely divided 
carbon deposited on the weld may be absorbed hj the metal, which will 
thereby be rend^fed brittle. 2nd. When ^* building up," the metal 
introduced into the weld should be as nearly as possible of the same com- 
position as that of the artide to whidi it is welded, and the workman 
should remove the dag formed on the surikie of the wdd from each 
layer added before commencing to add another one. In cases where the 
part to be *' built up" projects above the neighbouring surface (as for 
instance a wheel tooth), each layer of material added should be v^iained 
in position and prevented from flowing away while in a molten state, and 
this ifi best done — ^previous to the addition of each layer— by forming a 
ridge of finely ground gannister day round the circumference of the layer 
to be added. 8rd. When the metal ia the vicinity of the arc Yma been 
under the action of the arc for a short space of time, the heat gradually 
extends by conduction to the metal in the neighbourhood of the part opera- 
ted upon, whereby the resistance of the metdi to the passage of the corrent 
is increased and in consequence admits of a longer arc being obtained than 
under conditions where the metal in the vicinity of the part operated upon 
is not BO heated, and the workman should always endeavour to obtain these 
conditions of heating of the surrounding metal, and to finish off each 
layer under the action of a long and steady arc, so as to ensure the gradual 
solidification of the metal added, and its subsequent annealing by the 
gradual radiation of the heat from the part operated upon, when the 
carbon is eventually withdrawn and the arc broken. 4th. In all cases 
where it is possible to do so each layer of new material added should be 
hammered immediately the carbon is withdrawn and the arc broken ; and 
where this is not possible, the withdrawal of the carbon, and breaking of 
the arc should be gradual, for reasons already stated. 

Quality op Work done by thb Benardos Process. 

In order that the capabilities of the Benardos process of electric arc 
welding, in relation to the quality of work done, might be placed beyond 
doubt, Mr. Henry Lea, the well-known electrical engineer, of Binning- 
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was requested by Messrs. Lloyd & Lloyd to conduct for them an 

tigation in conjunction with Messrs. David Kirkaldy & Son, of 

don. For this purpose, two hundred and ten bars of varying thick- 

and qualities of iron and steel were electrically heated and welded 

rdinary workmen (not trained smiths), and, together with fifty bars 

c3ed by good engine smiths in the employment of another firm out of 

ke fire in the usual way, were submitted to Messrs. Kirkaldy to be 

The results, as reported by them, will be found in the following 

les I. and IL The "average ratio of weld to solid" of the one 

'^^'■n.^ired and fifby electrically heated iron bars equalled 85*5 per cent., 

^c3L of the sixty steel welds 80'8 per cent. In every case ten welds 

^^ each size were tested. A comparison between the table of results 

w^,^iiied from the hand welded bars and those which were electrically 

^^^ted will show that in every case the latter give a higher " ratio of 

^^\d to soUd " than the former. In other respects, also, the comparison 

^ Usually favourable to the electrically heated bars. (See Table II.) 

These experiments are believed to be the first attempt to demonstrate 

scientifically the value of the arc as a heater of iron and steel for welding 

porposes. It must be remembered, however, that the results shown were 

obtained by comparatively unskilled hands, and could be materially 

improved by continuous practice. 

The economy of arc heating in the manufacture at Coombs Wood and 
elsewhere of various articles is established beyond doubt. 
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SUUMARI OF RBSULTS 07 Kx 
ETC., OF 10 lIlJiCTRIC W 
6IEBS AND BBAHDB, 



THE Tehbile Stbknqth, 

I BAKIJ OF EACH OF THE UNSERMBHTIOKKD 

FKou THE Detailed Repobtb. 
Low MooB Iron. 



M.grij^«d 


1^ 


DoiHipUon. 


ss^-s 


Bl 


BiUnidoa 
Id Ten 


H^' 




Inofam. 




Lbi. Tau. 






PerCenl 


Iron, Low Moor 


2-A 


Mean of Solid .. 


68,417 =26-1 


42-3 


19'5 








„ Wclda.. 


47,367 =2M 


17-3 


7'3 


811 






2x i 


MeAn of Solid .. 


56,637 = 24-8 


457 


22-9 










„ Welda.. 


48.429 = 21-6 


209 




87-2 






2xA 


Mean of Solid ... 


63,237 = 23 8 


46-0 


24-1 










„ Welda.. 


48,890 - 21-8 


20'7 


9-7 


91-8 






2x 1 


Mean of Solid ... 


56,363 - 24'7 


417 


267 










„ Welds... 


49,517 - 22'1 


16-7 


9-0 


89-4 






2'^ i 


Meaa of Solid ... 


47,872 = 21-4 


46-S 


31 '3 






: ;; 




„ Welds.. 


45,343 - 20-7 


192 


10-2 


96^8 


Pabkoate Steel. ^ 1 


Hteel,Parkgdite, 














Torltsliire 


2» 1 


Mean of Solid... 


67,846 = 30-3 


57-1 


22-3 








„ Welds... 


49,956 - 22-3 


18-4 


8-8 


73-6 




2«'a 


Mean of Solid ... 


67,268 - 26'6 


67-2 


25-7 








„ WcldB... 


46,462 = 20-8 


16-0 


4-2 


81-2 




2-1 


Menu of Solid ... 


66,TS0 = 26-3 


57-4 


27-0 








„ Welda... 


44,464 - 19-8 


17-5 


4-4 


78-* 




2 "A 


Mean of Solid ... 


64,819=24-5 


671 


26-4 








„ Welds... 


46,406 ^ 20-7 


I7-I 


6-1 


847 




2« 1 


Mean of Solid ... 


56,932 - 25-0 


64-7 


26-0 








„ Welds... 


15,044 = 20-1 


15-5 


6-3 


80-5 




2x i 


Mean of Solid ... 


54,486 •= 24-3 


Bl-2 


315 








„ Wclda.., 


47,100 = ai-0 


15-4 


7-3 


8G-4 


Farkley (HON, 


Iron, Fnrnliij 


2x J 


Mean of Solid .. 


63.918 = 24-1 


31-2 


17-3 








„ Welds... 


4l!,281 = 20-7 


6-5 


4-4 


8.V8 






a- A 


Moan of Solid .. 


50,207 = 26-4 


3y4 


18'1 
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45,887 " L'O'S 
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„ Welda,.. 


48,365 = 21-6 


17-6 


6-6 
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49,005 - 91-9 
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49-4 
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6-4 
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3x i 


Meim of Solid ... 


49,038 = 21-9 
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42.343 ^18-9 


■»■■ 


4-6 
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Mean of Solid - 


51,892 - 23'2 


33-5 
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„ WcldB.. 


44,122 = lB-7 


8-8 


*-7 


83-0 






2x i 


Mean ot Solid .. 


48.910=31-8 


22-7 


10-fi 










„ W^ldH., 


44,llfl,-. =20-1 


10-8 


46 


92-0 






2xft 




.■.i;.L.'w =25-1 


23-7 


18-0 












: '■:! = 18-3 


7-0 


3-2 


72-4 


;■ 




2x i 


M. .■. 


■■ -■;!? =25'1 


24-3 


20-9 
2-6 


729 






2k i 




i::,>^:, -23'9 


29'5 


23'2 










., Wtlilil 


41,53U = 18-5 


6'6 


3-4 


77-7 
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All the welds in the above series were scarf welds, length of scarf averag- 
ing 1 J to li inches. The results obtained from the welds of Low Moor iron, 
Parkgate steel, and Famley iron are satisfactory, the principal features 
being absence of cinder or impurities from the faces of the scarf, and the 
maintenance of a &ir amount of ductility at the weld, the material not 
being abnonnally affected by the heating. Where the welds have come 
out low the appearance of fracture points to the metal having been either 
not hot enough or the thin edge of scarf having cooled ere the weld was 
closed by hanmiering. In the case of the Netherton iron there is a 
serious tendency to loss of ductility, the fractures showing very crystalline. 
As there are, however, some good welds amongst them without these 
objections, it would appear as if the treatment, as regards the amount of 
heat, had not been adapted to the nature of the iron. To judge of the 
full merits and capabilities of the electric welding, due regard must be 
paid to the individual as well as the average results. The hand or smith 
welded bars, which are about to be tested will afford means for an exact 
comparison. 

Note. — The mean results are based upon the whole ten welds, as far as the 
altimate stress per square inch and also the ratio of weld to solid is concerned, but 
as r^ards the contraction of area and the extension, those results are the mean of 
the welds which brq^e (of necessity, where the weld did not break, we could not 
obtain the contraction or give the ultimate extension). 

David Bjrkaldy & Son, 

99, Southwark Street, London, S.E. 
July ISth, 1891. 

Messrs. Lloyd & Lloyd, 

Coombs Wood Tube Works, 

Halesowen, near Birmingham. 
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JCAOHDrBBT AKD BOILEB BEPAIBS. 



TABLE No. n. 

SUMMABT OF BbSITLTB OF IBXPBBIMIBNTB TO ASOERTilTN THB TEKBILB STBKBGTH, 
ETOm OF 10 BABS of bach OF THB UNDBBMBNTIOKED SiZBS A»D BBAITXW 

HAino Wbldbd by Smiths ik thb Bmflotmbmt of a Fibm of BHOiKBXBfl^ 

COMPILED FBOM THE DETAILED BEFOBTB. 



Blab. 


Bnud. 


, i 

Uttlmftte 
Stimin 


Oontnu)- 

tkmof 

Axwftt 

FftMSlnra. 


Burtftml'OP 

in 
lOInehat. 


BaUooC 

Wddto 

Solid. 


FIfUTO of Merik 

XntimiitoBtniii 

Mnhipitodlv 

OontraelSoooC 

AMMftFtMlanL 


InehM. 


Low Moor 

t» 

* 

„ ... 


Toms. 
20-8 

211 


16-2 
17'3 


7-8 
PS 


77-9 
81-1 


308 


2x A 

»♦ 


21-6 
tV8 


22-8 
20-7 


11*8 
9-7 


90-7 
91-8 


479 


2 X ^ 


Netherton Best.. 
♦1 »» 


18-4 
20-1 


10- 1 
10-8 


8-4 
4'fi 


84-4 
920 


185 
217* 


2 X 1 


Parkgate Steel... 

M »» 
t» »» 


20-9 
22-S 


9-3 
18-4 


1-9 

3-8 


69-1 
73-6 


194 
410* 


2 X i 

tt 


20-4 
21-0 


16-9 
IS'4 


8-1 
7-3 


82-8 
86-4 


324 
928* 


118*6 per cent. * 


1,708* 
1,490 



•BteeModOybMitod. 

Note.— The figares in italics represent the results giren in the preceding reports 

obtained by electrical heating, and are inserted for comparison only. 

The mean of the electrically heated welds is therefore 18"5 per cent, 
better in "figure of merit " than the mean of the hand-made welds. 

The welding of the (hand welded) iron bars has been very well done, 
the difference being slight compared to the same sizes electrically welded ; 
but, coming to the steel, the hand is more irregular or uncertain, some 
being very good and others very bad. 

David Kibkaldt & Son, 

99, Southwark Street, London, S.E. 
July2bth, 1891. 



In conclusion, the writer begs to point out that this process of electric 
arc welding is not proposed as a substitute in all cases for the ordinaiy 
methods of welding now in use, nor is it proposed as a substitute for 
riveting in the manufacture of high pressure boilers, but rather as an 
additional method, capable of very extensive application under conditions 
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where the ordinary methods of welding are inapplicable. The simplicity 
of the process, and the ease with which the working apparatus can be 
transported to the place required, combined with the nature of the work 
capable of being accomplished, as illustrated by the numerous examples 
given, are, in the writer's opinion, sufficient reasons for its more extended 
application; and the writer respectfully submits that it is difficult to 
conceive a more useful application of the process of electric arc welding 
than that which would be obtained from a small steam craft with the 
necessary welding plant and cables on board, and capable of plying up 
and down the river and effecting repairs of the nature of those illustrated, 
either in the works adjacent to the river while lying alongside a wharf, or 
on board a ship when moored close by. 
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NORTH-EAST COAST INSTITUTION OF ENGINEERS 

AND SHIPBUILDERS. 



Eleventh Session, 1894-95. 



PROCEEDINGS. 



SIXTH GENERAL MEETING OP THE SESSION, HELD IN THE 
LECTURE HALL OF THE SUBSCRIPTION LITERARY SOCIETY, 
SUNDERLAND, ON TUESDAY EVENING, MARCH 12th, 1895. 



Ai.DEBMAir THOMAS RICHARDSON, B.A., J.P., Pebsident, in the Chaie. 



The Secretary read the minutes of the last General Meeting, 
held in Newcastle-upon-Tyne, on February 12th, 1895, which were 
approved by the members present, and signed by the President. 

The ballot for new members having been taken, the President 
appointed Messrs. H. Macoll and Wm. C. Mountain to examine the 
voting papers, and the following gentlemen were declared elected : — 

MEMBER. 
Wood, Joseph, Foundry Manager, Deptford Yard Brass Works, Sunderland. 

ASSOCIATE. 
Bingham, J. £., Col., Manufacturer, West Lea, Sheffield. 

GRADUATE. 
Macdonald, William, Engineer, 15, Union Street, Hartlepool. 
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186 PBOCEBDINGS. 

Mr. W. 0. Mountain replied to the discussion on his paper on 
" Transmission of Power by Electricity." 

The discussion on Mr. Henry Forster's paper *' On the Application 
of the Electric Arc to Machinery and Boiler Repairs, etc.," was opened 
and adjourned. 

Mr. S. 0. Kendall read a paper on " Turret-deck Cargo Steamers." 



•J 
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ADJOURNED DISCUSSION ON MR. W. 0. MOUNTAIN'S PAPER 
ON "TRANSMISSION OF POWER BY ELECTRICITY." 

The President said he had to express his regret for not being 
present at the last General Meeting, and so having unavoidably missed 
the discussion that took place upon Mr. Mountain's paper. He would 
like to take that opportunity of complimenting him upon its excellence, 
and also to thank him personally for the very kind reference he made 
to his presidential address. There was only one thing he took exception 
to, and that was the remarkable way in which he charged him with 
having cut the ground from under him. He (the President) thought 
he had certainly opened the ground, if not paved the way for him, so 
it was a very great disappointment that instead of being complimented 
upon doing him a good turn he actually charged him with doing the 
reverse. He did not need now to go into the paper, but would just 
like to say that it occurred to him there were a great many manu- 
facturers in this district who were convinced that by the adoption of 
electrical driving under certain conditions there would be a consider- 
able saving. They were all pretty much in the same position just now, 
necessarily very eager to avail themselves of anything that would reduce 
the cost of production, and that whilst some had made a start, the 
majority might well be excused if in the present depressed state of trade 
they hesitated to expend money, however beneficial the result might 
promise to be. He thought Mr. Mountain's paper was a very valuable 
and instructive one, and when the time came, as they went on with 
electrical driving, they would be able to gain a good deal of instruction 
from the information which he had given them, for there was no doubt 
that as they severally decided to adopt electrical driving it was most 
important that the plant should be the most efficient possible, for none 
coald afford to spend money experimentally. 

MR. MOUNTAIN'S REPLY. 

Mr. W. 0. MouNTAJN, in replying to the discussion, stated that he 
regretted very much there had not been more criticism upon the relative 
cost of the steam power system of transmission and the electric system, 
because it rested entirely upon the relative efficiencies of the two systems 
wh^ber electric transmission would be largely adopted or not in the 



188 DISCUSSION — TRANSMISSION OF POWER BY ELECTEIOITY. 

fature. Mr. Boyd in his remarks really put the whole matter in a nut— ^ 
shell when he stated that the electric motor was an economical machine 
for utilising electrical energy, or in other words it was a machine whicti 
transformed electrical energy into mechanical energy with a very higH 
degree of efficiency. It was a difficult matter to hit upon an ideals 
scheme which would commend itself equally to advocates of steanxi 
driving and advocates of electrical driving, because the two systei 
dovetail so closely into each other that a point very soon arrived when 
was very difficult to decide which of the two systems was likely to 
most economical. The writer's reason for deciding to compare the co**— . 
of a steam engine plant where there were ten small steam engines ■— ^ 
25 horse-power and an electrical plant with ten small motors of 25 hors^ 
power was, because it was well within the knowledge of most engine^T-^ 
who were laying down modem works, that it was usually considered air*^ 
extremely economical arrangement to have a small engine at the end of% 
each line of shafting. In many of the Scotch locomotive shops, and also ^ 
large marine engineering shops, this system of driving was very common, 
and therefore the writer considered that a comparison between what was 
generally supposed to be a modem system of engine driving would be a 
very fair comparison to place alongside electrical transmission. Thinking 
that possibly his figures respecting the economy of high-class compound 
condensing engines of modem power might be contradicted, tho writer 
had some correspondence with Messrs. Hick, Hargreaves, & Co., of ^ 
Bolton ; Messrs. Musgrave & Sons, of Bolton ; and Messrs. Robey & Co., . 
Lincoln. Messrs. Hick, Hargreaves, & Co. very kindly took the matter 
up, and the following was their statement respecting the economy of 
their engines under varying loads and steam pressures : — " From our 
horizontal condensing engines, both cylindei's being fitted with Corliss 
gear sufficiently jacketed, we should expect, fi'om our experience, the 
undernoted results in actual daily working. The engines are assumed to 
be working under a fairly full, but not excessive load, and to be in good 
condition as regards the tightness of the valves and pistons. Boiler 
pressure, 100, 120, 140, 160 lbs. per square inch. Steam per indicated 
horse-power, 15*5, 14*5, 14, 13*5 lbs. As regards the consumption at 
one-half to two-thirds full load, we have not much reliable information, 
but you would not be far out if you take the consumption per indicated 
horse-power at half and full load as alike, and at two-thirds load as 
rather less than this, bearing in mind that when working at light loads 
you have to make a greater allowance to cover the friction of the engine." 
Messrs. Musgrave & Sons, of Bolton, also sent some figures by which 
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showed that a Macnaughten compouiid beam engine working at 
5 ^^^ Atlas mills, with a high pressure cylinder 32 inches diameter by 48 
es stroke, and a low pressure cylinder, 48 inches diameter by 7 feet 
ce, running at 30 revolutions per minute, with a boiler pressure of 
-*- ~0 lbs. per square inch, was consuming IS^ lbs. of coal per indicated 
*^^>i:Ta€-power per hour. Messrs. Robey & Co., of Lincoln, who were also 
:er8 of high-class horizontal engines with trip expansion gear, stated 
they would have no hesitation in guaranteeing a consumption not 
o^eieding 15 lbs., with one of their engines developing 400 indicated 
j-power, and working with a steam pressure of not less than 120 lbs. 
square inch with a condenser. They further stated that they 
^^^^lisidered that at three-quarter's load the consumption would be about 
^ S ll)s., and at half load 20 lbs. A few days since the writer was in 
^S^^xichester, and he was able to obtain the actual consumption of one of 
J. Hick, Hargreaves, & Oo.'s engines working in a Lancashire mill, 
was not a trial test, but the result of daily working. The engine 
question was a compound horizontal condensing engine fitted with 
Corliss valve gear, with high pressure cylinder 26 inches diameter, low- 
P'^'eaeure cylinder 46 inches diameter by 60 inches stroke. The engine 
^^^8 designed to give 600 indicated horse-power, but was working to only 
■^^^ indicated horse-power. When developing this power the total con- 
^^ption of steam, including the steam used for working the feed pumps, 
^ 15*18 lbs. per indicated horse-power per hour. The evaporative 
^ciency of the boiler was 7*61 lbs. of water per lb. of coal, therefore 
^ke consumption of coal per indicated horse-power was 1*98 lbs. This 
^^ clearly bore out the writer's estimate as to the consumption of coal 
per indicated horse-power, and went a long way to prove the accuracy of 
the statement as to the cost of the steam engine plant. It would be 
aftsnrd to suppose for a single moment that there could be any possible 
economy in putting down a dynamo either coupled direct to a steam 
engine or driven by belts or ropes, and to first of all turn the power into 
electricity, and then put a number of motors at points where line 
shafting could be driven direct by ropes from the fly-wheel of the engine 
and anticipate any economy ; in fact, even assuming that there might 
be a loss of 10 per cent, due to the friction of the ropes it meant that, 
QgeamiTig the dynamo gave an efficiency of 90 per cent., and the motors 
an efficiency of 85 per cent., that they would be 15 per cent, worse oft" 
by adopting the electrical scheme, yet this was a practice which was 
being preached by some electrical engineers at the present time. Mr. 
Newitfc, in his remarks, very wisely touched upon this point, and the 
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writer was extremely glad when he heard criticisms of this kind ; at^ 
same time he had not, from his own experience, come in contact 
very much shafting which was in the perfect condition described. 
Mr. Newitt. Having stated that an electric motor was extrem- 
economical, in fiict the most economical method of transformi--^^ 
electrical energy into mechanical energy, it became necessary in conside 
ing any system of electrical transmission to ascertain whether the Ic 
in producing electricity in the dynamo, transmitting it through tl^*- 
cables, and transforming it into electrical energy, was less than 
driving direct by ropes or belts, or of carrying steam through loi 
lengths of steam pipes to engines at various parts of the worl 
Electrical engineers, who at any rate understood their business, did n<^^ 
claim that there was anything about the electric motor which 
result in economy by using it, but they did state, and they had ever^ 
right in doing so, that it enabled a high-class steam engine to be used 
a central point and the full benefit of this high-class engine to be 
at distant points about the works with a far greater degree of economy 
most cases than could possibly be attained by using a number of 
engines or long lines of shafting. In making this statement the. 
wished the members to understand that he had got past the stage wkii 
it was possible to drive from a very economical engine on to the mj 
shafting. Every member knew that in an engineering works, excej5= 
such works as Messrs. Sir W. 6. Armstrong, Mitchell, & Co.'s, with whic 
Mr. Newitt was connected as electrical engineer, the amount of pow€ 
required in each shop, or at any rate on each line of shafting, did not as ^ 
rule exceed from 25 to 50 horse-power, and it was a well-known fact thai 
it was impossible to build a 25 or 50 horse-power steam engine with 
single cylinder and non-condensing, and also arranged to take its steam 
from a long length of pipe, to compare in any way with the compound 
horizontal condensing engine of large power, i.e., the whole of the power 
being grouped into one engine. The writer expected some criticism on 
the steam consumption which he gave, viz., 68 lbs. per effective horse- 
power in the small engines of 25 horse-power each, which he described as 
distributed throughout the works, but he thought that the figures given 
in the paper were conclusive as to the correctness, generally speaking, of 
this consumption of steam, and therefore he, without any hesitation, 
confirmed the figures already given, viz., that an effective horse-power 
could be produced for approximately £5 per annum by electricity, 
against a cost of £10 per annum with a number of small engines 
scattered over a works. The writer thanked Mr. Tweddell for his state- 
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naent that he considered the elementary information given in the paper 
^^ value to mechanical engineers. The paper was not written with the 

• 

mtention of being in any way dedicated to a body of electrical engineers, 

out the writer's object was to endeavour to put before mechanical 

engineers and those occupied in manufacturing businesses, who might at 

t>ne present or some future date contemplate the adoption of electrical 

^'^"'ansmission of power machinery in their works, the system upon which 

such plants were designed, and he ventured to hope and also thought 

^^^^t the information contained in the paper would be of value, as cer- 

*^iuly an ordinary transmission of power scheme could be satisfactorily 

^id down if the lines indicated by the paper were closely followed. Mr. 

-*^^Mreddell, in his opening remarks, immediately started away with the 

^^srunption that there was something wonderful about an electric motor, 

*^ut the writer thought that the statements he had already made would 

clear Mr. Tweddell's mind on this point, as, after all, an electric motor 

^as only economical when suitably applied. If Mr. Tweddell was 

^bixLking of laying down a hydraulic system throughout a works, were 

^^ to be used for working hydraulic cranes or for riveting machinery, 

^^ would unquestionably concentrate the whole of his power into one 

Varge set of pumping machinery, and he would also make these engines 

^ economical as he possibly could ; and the writer ventured to think 

^^t it was rather unfair of Mr. Tweddell to suggest that an electrical 

^^^^gineer, in laying down a transmission of power plant should not insist 

^pon equal advantages, and he was also quite sure that if an electrical 

^Tansmission of power plant for driving cranes or other machinery 

throughout a works could be laid down to compete against a hydraulic 

^eme that the ultimate economy would be in favour of the electrical 

scheme, although there was no doubt that hydraulic power had many 

adrantages in some directions not possessed by electricity, but on the 

other hand the electrical system had corresponding advantages in other 

positions. Mr. Tweddell rather objected to the table given in the paper, 

in which the resistances were given per mile of conductor. The writer 

would remind Mr. Tweddell that in dealing with electric transmission it 

was rather the miles that the electrician courted in preference to the 

yards, because when it came to yards there was not much chance of 

snperseding steam power, but when it came to a question of miles the 

steam power had no chance at all ; however, he was glad to have the 

opportunity of giving the information which Mr. Tweddell required as 

to the cost of conductors per yard, so that he might compare the cost 

with iron or copper pipes per yard for the hydraulic system, for which 
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bent appeared to criticise the writer^s paper raiher fr 
idpoint than a practical one. As Uie writer bad a] ly 
id oared to pnt the electrical onitB into a sim f 
e them as far as he possibly ooold with ihe tei aed 
engineers, viz., pressore, quantity, and foot-poi s, 
3ly it might be difficult to do this without giving an t sui 
Broadbent appeared to object to, the writer ooold a 
f that if the units as explained and applied by him 
rs need not fear the results. Without wiahing to. oritiff 
ibent's remarks in anything but a friendly manner, the 
e to state at the outset that he oonsidered the membem 
s capable of looking at the subject from an intelli| ent 
and it was therefore not necessary to spend a great length 
explaining the electrical units, nor did he oonsider it 
in to them what became of the electricity iriien it ims 
lectric motor, and he iurther ventured to think that the diagum 
on the blackboard would not help very mudi to elucidate thk. 




ig, however, Mr. Broadbent's remarks on m 
iter could not help flatly contradicting Mr. 
aent that solid bearings were a good job. Any m 
any rate, any engineer who undertook to turn o 
1 never dream of making main I inga or 
ings solid without any means of adji , I 

machinery was balanced, wear and m te! 




deal dangB, 
nt as to Ua 
joal engineer^ ^ 
fi jt-dafli 
quudE 
I however 




ilaoe in fame 

, further, assuming that by any chance Uie b ing 'ifaa allowed, te 
: dry and heat and the shaft became cut, it would be almoefc an 
x)ssibLlity to get the bearing off the shaft; in fact, the writer had 
1 many cases where solid bearings were used and had seized, when 
lad been necessary to cut them in pieces off the shaft. Oonsidering 

the advisability of placing the magnets over the armature and alao 
iding the magnet coils in separate bobbins, the writer was also bound 
in to express his entire disagreement with Mr. Broadbent's state- 
its. To wind bobbins direct on to a field magnet core was nothing 

a shoddy and cheap way of doing the work, and no firm pretending 
bum out good work would for a single moment dream of building 
ir dynamos in this way, however small they might be. The writer 
i very pleiised that Mr. Newitt, who undoubtedly had had con- 
irable experience of running dynamos in difficult positions, »^^ on 
ixi ship, so fully corroborated his statement respecting the advisability 
)laciDg the magnets over the armature to prevent oil getting opon 




J 
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them. In the writer's own experience the bulk of the breakdowns of 

electrical machinery on board ship, and also in many land installations, 

^^Qs entirely due to the dynamo attendants allowing oil to run over 

^l^e bedplate of the machine and on to the magnets. Mr. Broadbent 

^^^ferred to Kelvin's law, and it would perhaps have been advisable for 

''^^- Broadbent to have explained more fully what Kelvin's law was' than 

^^^ liave simply skipped it over. Lord Kelvin stated "that the most 

^^^onomical area of conductor would be that for which the annual interest 

^'^ capital outlay equalled the annual cost of energy wasted." If Mr. 

^^■■^^^bent had shown how the area was to be calculated from the above 

and applied to actual everyday work, he would have been conferring 

^ great benefit on the members present, but he either could or would not 

^ so, and it might perhaps be of service to give the following extract 

*^^ni Mr. Kapp's work on electrical transmission, which at once shows 

^^^ impossible it is to apply this law in practical work : — " Let us now see 

*^^w the result can be practically applied. That the deduction here 

^^ved at is not directly applicable to a transmission plant is obvious, 

^^^Use certain important premises have been disregarded. To see 

earl^ that the law of maximum economy indiscriminately applied may 

^^ to a wrong conclusion, we need only remember that, according to 

^ law, the sectional area of the conductor is proportional to the current, 

^ does not depend on the voltage of the generator or the distance of 

. ^s^iagion. Tf the law as above enunciated were universally applicable, 

^^^tild also have to fit a case where the voltage is low and the distance 

^ ^^t, and under such circumstances it is quite conceivable that the whole 

P ^M^^ available voltage is required for overcoming the ohmic resistance 

J ^t^e line, and that no power at all is delivered at the motor end. The 



"Would thus seem to indicate that the most economical method of 

^^ iuff a line of transmission is one under which we get no return at the 

^l^^^^^'^X' end for our annual outlay at the generator end, which is obviously 

^^^:xl. The fallacy does not, however, lie in the law, but in our 

cation of it. The law itself is perfectly true. It says that if a 

current has to be sent through a given circuit, then there is one 

'^^icular area of cross section for which the annual outlay of sending the 

nt round becomes a minimum. The fallacy lies in this, that we 





^^^Xxne the earning power at the motor end of the circuit to become a 
^^imum when the cost of sending the current through the circuit 




W 



mes a minimum. This is not the case. The law also assumes that 
^ power has the same money value all along the line. This can 
^^Mooaly not be the case, for if the annual horae-power could be pro- 
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dnoed locally, atihe motinr end as cheaply as ft can be prodnced at tlie 
geneiyitor mid, ihen tia£xe would be no need at all finr a tran«miflRi<m 
plant, fhurfcher, the tow aaEranies lliat tiie dectrical hone-power hae a 
certain annnal Talne qnite irrespective of the ToUage at which theoonent 
18 ddivered. This, again, is not correct. .Qeneratora for a very high 
voltage coet more to bculd and niaintain than generators for a moderate 
voltage. It is thns obvious that the voltage at whidi the plant is 
intended to be worked must be takmi into account in designing tihe line 
for the greatest economy. We mui^ further take into account not only 
the interest and depreciation of the line, but also the interest and 
depreciation of the macddneiy at either end. The whde problem is 
^f ;^ exceedingly complicated, and cannot be solved by reference to the line 
only, the investigation must ectend over the wiK>le of the jdant.** The 
same gentlexnan also queitioned tibe irtiidieme^t that a diunt motor would 
run at a jmctically constant speed under all conditions of load. If he 
had listened to or read the paper, he would at once have seen the calcnla- 
. tion that was given respectii^ the loss of voltage in a length of oaUe, 
and this statement was only intended to apply to positbns wiiere the 
pressure was constant. Any electrical engineer designing a plants and 
wishing to g^ a constant speed, would not ML to so design his dynamo 
timi a constant pressure, or at any rate nearly oonstant, was given at the 
terminals of the motor. Mr. Broadbent*s furtlier remarks respecting the 
efficiiencies of steam engines of large and small size were practically 
answered, so that it was not necessary to deal with this any further. 
The writer r^etted that he did not state more clearly in his paper that it 
was not necessary to use highly insulated cables to carry current overhead, 
i.e,y aerially, but he quite thought that the members would recognise this 
without any definite statements. It was, of course, unnecessaiy to use 
highly insulated cables for any ordinary voltages if the cables were carried 
upon insulators for overhead work. Bare copper could be used in most 
cases, but it was sometimes advisable to have the cables taped and 
braided ; and, therefore, in giving the cost per yard of various cables, the 
price of this class of cable was given. Several gentlemen had asked how 
the saving between the old system of steam engine driving, and the present 
system of driving by electric motors in the writer's works was arrived at. 
As he had explained, the original plant consisted of a Cornish boiler, 
a semi-portable boiler, and a vertical boiler, together with a separate steam 
engine for driving the erecting shop, machine shop, and pattern shop. 
The engines were all of an uneconomical type, and the boilers were also 
uneconomical, being worked at a low steam pressure. The new plant 
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of high pressnre locomotive boilers for 160 lbs. pressure and 

economical compound engine. The saving might be calculated as 

: — Original consumption of coal per week, say, 25 to 80 tons, 

the present consumption is about 12 tons, or showing, say, 15 

^s per week. This means : — 

7d0 tons per annam, at 10b. per ton 390 

2 men less are required to look after the machinery and engines, 

at £75 per annnm each 150 

Further, a ihop 75 feet long hy 45 feet wide is now available, 
and this alone, even for ground rent only, means a further 
Sum ox ... ... ••. ••• ••• ... ••• •.! X0\/ 

Xotai ••• ... ... ... ... 3uuoO 

^ Edition to this, however, as he had explained, the works had been 

^^^isiderably increased in size, so that the saving was actually more 

5^^ the amount shown above. This was an example of what might be 

^^ in a large number of engineering works, and also in shipyards and 

-•lieries on the North-Bast Coast. In reply to Mr. Parshall, the writer 

^^ extremely glad that he took the very common-sense view of the 

^'^^I'is made by Mr. Broadbent on criticising the analogies ; but referring 

^ ^ki^ eflBciency of electric motors, particularly for tramcar work, the 

J:* would remind Mr. Parshall that the ordinary method at the present 

^ \^a8 to have no gearing at all, but to put the armature direct on to 

^^e, and to run the motor at a slow speed. This system had been 

Successfully adopted at Liverpool, and also on the London under- 

^^^^Xd railway. There was no diflficulty in constructing electric motors 

^Xi almost at any speed, but it simply became a question of cost, and 

t^^ to decide whether they should pay a little more and have a large 

, or whether they should adopt reduction gear and put in a motor 

-■-Xig much less money, and put up with a little loss. The writer gave 

reliable figures respecting the loss in worm gearing in the discussion 

e paper by Mr. Newitt, and he would refer Mr. Parshall to the 

then given. It was very satisfactory to note that Mr. Parshall so 

^^^'^^ughly bore out the economy to be obtained by substituting the 

^Xncal method of driving in place of the steam driving by small 

es. At a large factory on the Continent, where the works were 

ally driven by steam engines having a total horse-power of 3,000, it 

decided to put down transmission of power machinery and to drive the 

from a waterfall about eight miles distant, and to put electric motors 

the various shops instead of having steam engines distributed through- 

the works, and instead of 3,000 horse-power being required, the works 

^ ^ ^'^^ being driven with a little over 800 horse-power economically 

^^Xied. Mr. Parshall mentioned the multi-phase system, and he was 
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ti^ already been explained, however, that motors could be designed 
»iiy speed for which they were required, and it merely became a 
tion of price, therefore the consideration of speed need not enter very 
into the arguments. 



On the motion of the President a vote of thanks to Mr. Mountain 
accorded by acclamation for his interesting paper. 



Newcastle-upon-Tyne, 
-AB Mr. Duckitt, March ISth, 1895. 

I intended to make some remarks at the adjourned discussion on Mr. 
"dntain's paper yesterday, but unfortunately arrived at the meeting too 
to do so. I should like, however, if I am in order, to take advantage 
^^ ^r. Mountain's invitation to criticise the tables in which he compares 
^^^^^m and electric plants. We find from these tables that if an old- 
^^^feioned steam plant costs £4,800 an equivalent electric plant costs 
^^>000, but if you analyse this latter cost you will find that it includes a 
D^^em steam plant, capable of doing exactly the same work as the old- 
t^hioned plant, but costing only £1,950, and to that is added a sum of 
^^ less than £3,050, making a total of £5,000, for the privilege of 
^ving the shop electrically instead of by shafting. Again, if you look 
it the comparative tables of cost of working you will find that while the 
old-fashioned plant cost per annum £2,500 a steam plant on modern lines 
ironld cost something under £1,000 It seems to me that the savings 
which Mr. Mountain deduces are practically not due to the intervention 
of electricity at all. Further, managers of engine works and similar 
concerns know very well the proportion which the cost of motive power 
bears to total expenditure. Does the cost of the motive power amount to 
more than 2 per cent., or even 3 per cent., of the outlay in wages, charges, 
depreciation, etc.? I put this forward to show that, as a rule, you have 
not a great margin in which to effect economy, and that a marked 
increase in dividend does not necessarily follow the introduction of electro- 
motive force into a factory. I do not wish to say anything against the 
merits of electric driving under certain conditions, but I think that the 
cases in which it can be applied with advantage are the exception and 
not the rule. Yours faithfully, 

M. Sandisox. 
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OiiOSB WoBxs, Nbwiqastlb-ttfon-Tthb, 

Dbab Mb. DuoErrr, Mardk 29fl^ 1896. 

I have leoeived Mr. Sandiaon^s letfter, and I am Bony he Imd not 
an apportnnitj of joining in Uie disonssion on my paper. Mr. Sandteon 
appears to me to oompare the steam |dant, and decfcrical plant deacaribed 
in my paper on an entirely wrong basis. My estimate of £4,800 for 
the steam power plant was not, as he seems to imagine, for an old- 
fashioned plant, but for a modem plant suitable for engmeering works 
in which tiliere are ten 2(1 horse-power engines sdittered over the works, 
and fed trcm two Lancashire boilers ; such plants can be^ found in a 
large number of modem engineering shops^ and it is oonsideied quite 
modem praotioe to adopt this system of driYing^ m., a number oi small 
engines coupled on to the various lines of diafting; I therefore thon^t 
this was a fidr basis of comparison witli electrical plant. Assuming, as 
Mr. Sandison states, that we analyse the cost of the steam power plant, 
it is quite true that the sum of £1,900 is induded in the coat of the 
electrical plant as rqHresenting the value of the engine, boileiB, and 
foundations, but Mr. Sandison appears to entirely overlook the fac^ 
that in addition to this sum it would be necessary to go to an enormovis 
expense in shafting, belting, ropes, or other devices to enabljs tiie power 
of the engine to be distributed over the entire works as it is proposed 
to do with the electric motors. . I think Mr. Sandisfm does not recognise 
the great cost and loss of power in transmitting power from one large 
steam engine to a number of shops over a large area, and he must entirely 
disabuse his mind that in making up the estimate I refer for a single 
moment to an old-fashioned plant. Electricity enables the whole of the 
power required in the works to be centred in one large engine^ which can 
be oj the most economical type, and from the dynamo driven, by this engine 
electricity can be led at a much less cost than by shaftvigy belting, or any 
other system to distant points, and at these points turned into power by 
means of an electric motor at a much cheaper rate than it is possible to do 
by distributed steam engines of small size, or by conveying the power from 
a large engine to the distant shops by shafting or belting. As I explained 
in my reply, there can be no possible economy in adopting electric motors 
where a large and efficient engine can drive direct on to line shafting or 
on to its work, and electricity only becomes economical when this system 
is impossible and it is necessary to transmit power for long distances or 
to a number of points where it is impossible to drive direct. I am 
satisfied that in such positions an electrical plant can be put down at a 
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cost slightly exceeding a steam plant, but that it woold save its whole 

expense in three or four years, which, at the present time, is a saving 

which cannot be disregarded by any firm wishing to economise in the cost 

of production. 

Yours faithfully, 

W. C. Mountain. 



▼oil. 
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DISCUSSION ON MR. HENRY FOSTER'S PAPER "ON THE 
APPLICATION OF THE ELECTRIC ARC TO MACHINERY 
AND BOILER REPAIRS, ETC." 

Mr. J. E. Stoddart said they were much indebted to Mr. Foster for 
his instractive and interesting paper, but he must confess that he had 
given just enough information to make one desire a little more. The 
qnestion arose, what about the local heating of steel plates of boilers 
when repaired without being removed ? Table No. L, page 180, went to 
prove what was found in practice, that steel above 26 tons per square inch 
tensile strength was not so reliable at the weld as steel below 26 tons per 
square inch. It would be seen that in this table only one set of tests 
averaged more than 26 tons, so that if they took the ratio of weld to 
solid in the one set of samples above 26 tons they had 78*6 per cent, 
compared with 82*2 per cent., which was the mean ratio of the five sets 
of samples below 26 tons, and they had 89 '2 per cent, mean ratio for 
iron. Now, he thought this point was worth remembering when they 
were about '^to weld steel, or iron with steel. In the above table the 
ratio of weld to solid was carefully pointed out^ but what about the 
ratio of elongation in the welded and solid steel plates, for welded steel 
above 26 tons had a ratio of only 17 per cent, that of solid plate ? 
The best sample of steel below 26 tons had a ratio of 23*1 per cent., 
whereas the worst sample of Low Moor iron had a ratio of 37*4, so 
that iron had an immense advantage over steel. They all knew that 
iron was not affected in the same manner as steel by local heating, 
he should therefore like to know how much of this fall in the per- 
centage of elongation was due to local heating when welding by 
electricity, for he imagined the samples were not annealed after being 
welded. • It would also be interesting to know whether a steel plate 
was affected in any way by passing a strong current through it. If 
the author of this valuable paper would kindly take, say, ten samples 
from a steel plate ^ inch thick, having a tensile strength of about 30 
tons per square inch, and ten samples from a steel plate of about 20 tons 
per square inch tensile strength, both plates of the same thickness, then 
(not weld) but locally heat by electricity, five samples of each plate 
midway between the ends, and test the tensile strength and elongation of 
them, also test the five remaining samples of each plate in the usual way. 
A comparison could be made, and some light would be thrown on the 
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condition of steel when locally heated and on the effect of passing 
current through a steel plate. If a plate could be annealed in place '^ 
electricity after being locally heated then the process of welding " 
electricity would be invaluable where repairing a boiler was concerns. 
He hoped Mr. Foster might see his way to make the tests sugges*^ . 
before he replied to this discussion, so that his valuable paper might 

as complete as possible. He again thanked him for the information 

had already placed at their disposal. 



Mr. W. 0. Mountain heartily congratulated Mr. Foster upon 
paper on electric welding, because he said it was a paper which would ^ 
of the very greatest value to the Institution and to the engineeri] 
profession generally, as it contained so much valuable information pi 
into a thoroughly practical form. For some time he (Mr. Mountains- 
was afraid that electric welding, or, in other words, electric melting bj 
the arc, had more or less fallen into disgrace, and they had really no9^ 
very far to look to discover the cause. Personally, he had from thc^ 
commencement taken a very great interest in electric welding work--:: 
having, he believed, built and designed the first dynamo used for ihi^ 
process, at any rate on a practical scale in England, these being th& 
machines supplied to Messrs. Sir W, Ot. Armstrong, Mitchell, & Co., for 
the lighting of their steel works, and which were used for electric welding. 
The process was then taken up by Messrs. J. Spencer & Sons, Newbum, 
and the machines used by that firm he also designed, and since that date 
his firm had supplied some of the principal steel founders in England 
with plants in connection with this process. The reason Messrs. J. 
Spencer & Sons had been so successful with their work arose purely from 
the fact that they had had machines large enough for the work. There 
was no doubt that Messrs. Lloyd & Lloyd, of Birmingham, who acquired 
the Beruados patents, were principally to blame in the first instance by 
imposing such a heavy royalty for the use of the process, and steel 
founders and others wishing to adopt the process were compelled to put 
in as small a plant as possible, on account of the heavy royalty ; but he 
was glad to know Messrs. Lloyd & Lloyd had reconsidered their terms, 
and they were now offering very much more favourable conditions. 
From his own experience he had found for welding, or, in other words, 
melting, up defects in steel castings, and also for repairing forgings, etc., 
that it was impossible to do good work with a current of less than 800 
ampferes, and to cope with whatever work might crop up in a steel 
foundry he considered that the dynamo should be capable of giving 500 



DISCUSSION— MACHINBUY AND BOILER REPAIRS. 



205 



!i«8 at the very least. This confirmed Mr. Foster's statement, and 
^38 quite sure if dynamos of this size were used instead of the 
^-■^-•^^^iliiies for 100 or 160 amperes, which were put down in some of the 
*^^^^lworks in Sheffield and elsewhere, that they would not hear of the 
in the heating which were so frequent. If a small machine 
ng a current of only, say, 160 ampferes were used, it was impossible 
^et sufficient heating effect to more than just locally heat the spot 
re the current was applied, but having a larger current the heat was 
all round the defect, with the result that a solid weld or melt was 
A few days since he happened to be in Sheffield, and he saw 
attempt being made at a works, to whom his firm had just supplied a 
X<ling plant, to weld up the defects in a stem frame with their old 
t, which gave 100 amperes, and they might just as well have applied 
as attempted welding satisfactorily with the arc they obtained 
the machine. He should be very glad if Mr. Foster would give 
more information as to the tensile strength and elongation which he 
been able to get from steel plates which he had welded by his pro- 
He attempted some time since to weld up boiler flues prior to 
^^•n^g and they had a great difficulty in getting the steel to stand the 
^Tiging^ as it was apparently to some extent burnt, and it might possibly 
^ cf Bome interest to the members present if he gave a statement of 
«ome actual tests made upon welded wrought iron boilers for green- 
»^^xi8e8 and for domestic purposes. The object in conducting these tests 
^^ to be able to ascertain whether the process was likely to supersede 
'^d welding, and the table would be interesting inasmuch as it gave 
pretty conclusively the length of steel which could be welded at a time, 
t<^^eT with the time occupied in doing it. Result of tests made on 
June nth, 1892, in welding two steel boilers ; thickness of steel, | inch: — 



Volts ftt 


Volts ftt 


Ourrent in 


Time of 


Length 
Heated in 


BaMeiy. 


Arc 


Ampdres. 


each Heat. 


Inches. 








Minutes. 




130 


— 


370 


2 


2 


115 


— 


400 


n 


3 


120 


.— 


350 


il 


3 


116 


— 


350 


ij 


2i 


113 


76 


350 


ih 


3 


116 


86 


350 


H 


3 


118 


65 


250 


li 


2 


122 


86 


300 


l:i 


2 


122 


85 


350 


14 


3 


122 


76 


250 


li 


last weld 



Total length welded, 100 inches in 85 minutes, 1 inch in 51 seconds. 

Iron Vk Thick. 
116 ... 76 ... 300 ... 45 seconds 2^ 
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tests proved pretty conclnsiyely tiiat to weld a steel 

1 thick required a current of not less than 800 to 860 am] 

i prior to the experiments being made it was considfired thafc 

nt of 100 amperes could be employed. He thought that 

action should be made between what might be called electrio meltiiit 

electric welding. To melt, it was only necessary to have an 

ive force of about 75 volts at the dynamo terminals, and of comae 

nee must be placed in circuit to steady the arc ; bdt to weld, thafe 

r, to join together two pieces of rolled or hammered steel or inm 

B necessary to have an electro-motive force of 115 to 120 volts, and 

ive a very long arc, which could be used in the same way as a blow 

le arc being rapidly moved over the surface of the plate, so thafc it 

lot allowed to impinge for any length of time on one spot and mdl 

netal. He had found this to be necessary in connection with the 

which he supplied for electric welding of barrels, and the lesolts had 

very satisfactory. From his own experience he oould most unhesi 

*te that if electric welding plants were made large enough, thafc is 

, that the current per arc was not less than 850 to 400 am 

very excellent work could be done, as was shown by the samples prodi 

by Mr. Foster, and also the tests made by Messrs. Lloyd A Lloyd, 1 

Birmingham, and there was no doubt that the defects welded up in 

castings or in forgings repaired in this manner were a thoroughly gooi 

job ; but it was nearly certain that when electrical plants were pot down 

too small for the work a proper adhesion was not obtained between tha 

casting and the piece of steel melted into it, and they then heard of the 

bad work that had caused this process to be condemned to a great extenfc 

by the Admiralty, etc. On referring to the diagram, Fig. 2, Plate XLV., 

he should be glad if Mr. Foster would explain his reason for inserting 

so many small resistances in circuit. He had found it desirable to have 

a separate resistance to each arc, and he hardly thought that the method 

adopted, viz., placing the three arcs on one set of resistances was likely 

to be satisfactory, because when one or more arcs were stopped it meant 

upsetting the current passing through the remaining arc. He was 

inclined to think that a resistance frame consisting of eight to ten coils^ 

with a switch arranged so that from one to ten of the resistances could 

be put in circuit, was a much more convenient and satisfactory arrange- ^0 

ment than the one proposed, and also had the advantage that it was .^C 

more portable. He was very glad to note that Mr. Foster in designing ^3 

Ills plant decided to drive by belt on to the dynamo. Several attempts ^^^ 

had been made to use direct coupled plants, t>., the engine coupled 
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direct on to the dynamo, but owing to the tremendous shock that is 
^'^^'^'wn upon the engine at the moment the arc is struck such an 
arrangement, as far as he was aware, had always given more or less 
trouble, and in his opinion it was absolutely necessary to have some 
elastic medium, such as belts or ropes between the engine and dynamo. 

Mr. L. Newitt said he would like to ask Mr. Foster a few questions 
"^^tli reference to electric welding. Some time ago he (Mr. Newittt) had 
®^^xi descriptions given of an arrangement in which the electric arc could 
^^ directed by the aid of a powerful electro-magnet placed near to the 
ilanie. If this were true, the heat of the electric arc could be directed to 
^^y point where the heat was required, and consequently a new field 
'^onld be opened up to an already extensive use of the arc for repairing 
^^^^iings and other work. Then, again, according to the paper and what 
. ^- Itfountain had said, it was desirable to have a very long arc, extending 
Some cases up to 5 inches. He had made some experiments, and found 
. T ^sing aluminium cores in the carbons it was possible not only to get 
**i«r temperatures but also to get a longer arc than by using ordinary 
carbons. It had also the advantage of keeping the carbon from 
Xmng too pointed, and therefore reducing the current below what 
^^d be required for the making of a successful weld. With reference 
^llat part of the paper dealing with portable and convenient resistances, 
■* One shown in diagram did not appear to meet all the points required 
unless extra labour was used for its adjustment. He (Mr. Newitt) 
^Id suggest one which appeared to have all the necessary qualifi- 
^^^UB, and one which could be manipulated by the foot of the man 
^ "^^ the welding arc, consequently when he required more or less 
^^^^*^^nt the workman had only to raise or lower his foot, and by so 
raise or lower large plates of metal in a solution of dilute sulphuric 
_ ^^ and water. These plates would be connected up in the direct 
^^^^xdt, and according to the amount of immersion so could the quantity 
Current be r^ulated. It would be interesting to know if this form 
ir^esistance had been tried for this work. There was no doubt as to 
^^ utility and the great advantages derived from the use of the electric 
^^o for welding purposes, but its adoption for the boring of holes in 
^efcsl plates was doubtful. No doubt it was a very pretty experiment, 
"*-*^ he (Mr. Newitt) would imagine that if the work was forced at all 
^^ -■Dadiinery would be strained owing to the carbon coming in contact 
2^ lUetal being drilled ; and then there was the question of expense. 
^"^ a rough estimate of the price of work mentioned by Mr. Foster, 
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viz., 304 holoSy each 1 inch diameter, through ^ ind^ plate ; current, 
500 amperes; electro-motive force About 70 volts. 500 amperes by 
70 volts gives 85,000 watts, which is 85 units. Now, for a small plant 
of this kind 6d. per unit per hour would not be considered too large, 
so that this plant cost 17s. 6d. per hour, and we are told that it was 
in the welding house seven hours, and the work was required in a hurry, 
so one mfty aasome that the work was going on nearly all this time, 
therefore the above work would cost 17s. 6d. by 7 bourse or about £6. 
For comparison with ordinary hand-drilkES this is not very bvonraUe, 
as according to the piece prices paid for this cbun of work the same 
could be doiffi for 19s. The loss of metal due to volatilization should 
also be taken into consideration. There was one other point he would | 
like to raise with reference to using et^ctridty in repairing the teelh | 
of small cog-wheels. Would it require as much as 500 amptoea fmr 
this work, and if water was used on the molten metal, and all oorroaioii 
immediately bmshed o£E, was it found to increase the solidity and 
effectiveness of the work when done ? 
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TURRET-DBCK CARGO STEAMERS. 



By S. O. KBNDALL. 



[Rbax> before the Institution, in Sundebland, on Maboh 12th, 1895.] 



It is the object of the writer, in submitting to the members of this 
Institution the following notes on the " Turret-deck Cargo Steamer," to 
make an enquiry into, and promote a discussion on, the various merits or 
demerits of this class of vessel, in the hope that such an enquiry and dis- 
cussion will not only prove useful in adding to our knowledge of the 
subject, but that it wUl be of general interest to the majority of members 
who are concerned in the development and improvement of our mercantile 
marine. 

As a basis of discussion, the writer proposes to submit the results of a 
comparison which he has made between a turret vessel already built and 
two other cargo vessels of ordinary type. 

The endeavour has been to make an impartial investigation into the 
technical merits of each type, in order to ascertain as near as possible the 
extent to which this latest type of cargo steamer may be said to meet the 
growing desire of shipowners for a freight carrier, which, while giving 
better results as to deadweight, may be more economical in working 
expenses, and whose cost of construction may be reduced to a minimum. 

The origin and development of turret-decked vessels are now so well 
known that to describe them may seem almost superfluous, especially in 
this town, the birthplace of the type, but it may be interesting to those 
members who are not so intimately acquainted with the shipbuilding 
events of this district to briefly outline the career of what is now a 
recognised type and factor in the freight-carrying tonnage of the world. 

The turret type of cargo steamer owes its origin to the invention and 
enterprise of the patentees, Messrs. W. Doxford & Sons, of the Pallion 
shipyard, whose energetic development of the type may be taken as a 
practical proof of the confidence they feel as to the ultimate success of the 
type when commercially pitted against the ordinary " tramper." 

In the early days the turret vessel was frequently described as a 
" whale-back " steamer, or as an " improved whale-back," although as a 
matter of fact there is considerable difference between the two, as will be 
readily seen by reference to Plates LV. and LVII., the particulars of 
which will be mentioned later on. 
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The reason of this conf osion is evidently to be found in the fact that 

attention of the mercantile marine commonity was first directed to 

possibility of getting better results from freight carriers by means of 

K>mewhat radical change from the existing types, by the visit of the 

ale-back steamer, ^'Ohas. W. Wetmore,** to this country in iHie aotcimn 

' 1891. This vessel was radical enough to please the most revolutionary 

aste, and many owners waxed enthusiastically prophetic as to the fatme 

)f this class of vessel as the freight carrier of the world. 

These prognostications, however, have not as yet been fulfilled, nor 
does their fulfilment appear probable, for this, the first visit of the tramp 
of the American lakes across the Atlantic, has proved also to be the last, 
for after being nearly knocked to pieces on her voyage out round Oape 
Horn, she soon afterwards ran ashore, and became a total wiedL 

The defects of the whale-back steamer for the purpose of ocean tnding 
are obvious. In the first place, the difficulty in getting about the boat is 
very great, the navigating platform consisting, in some places, of a mere 
gangway formed by a couple of square derricks placed side by ode. 
Secondly, there is nothing to act as a feeder when carrying cargo in balk, 
the hatches being simply plates bolted to the deck without ooamings, and 
consequently these hatches can only be made very small. Thirdly, from 
the form of the midship section (Fig. 3, Plate LYII.) the upper part of thfr 
vessel is not suited to withstand the compression of severe sagging stnunii 
there being no stiff gunwale or its equivalent, and the spoonnshaped bow 
is not suited for meeting a heavy head sea on account of the exceniTe 
panting strains to which it is subjected in falling on the brea^ of a wave, 
and also in the difficulty of steering a course in consequence of the foie> 
foot being cut away. 

On the other hand there is considerable saving effected in the cost of ^^ 

construction and in the reduction of tonnage, through the absence of 
sheer, and the simplicity of the rigging, etc., and there is no doubt that 
the type is well enough suited for the American lakes or a coasting trade. 

In the endeavour to design a cargo vessel which would be free from 
the above-mentioned disadvantages, and which at the same time woald 
have the economical construction of the whale-back, Messrs. Doxford, 
towards the end of 1891, evolved the type to which they have given the 
name of " turret," and early in the next year the first steamer of the new 
type, the S.S. " Turret," was laid down for Messrs. Petersen, Tate, & Co., 
of Newcastle, and it is a flattering commentary on the suooessfiil working 
of these steamers when it is stated that this firm have since inc 
their fleet of " turrets " to six steamers, having a total gross tonnage ol 
12,000 tons. 
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Natoially, the qnestion of classiiication was a matter of vital import- 
to the new type, and although the design was accepted in principle 
l>oth the Bureau Veritas and Lloyd's, the latter society qualified their 
by the comprehensive proviso "with a suitable load-line," main- 
that the peculiar form of the vessels, the rounded gunwale, absence 
^^ stkeer, and the central position of the buoyancy in the turret erection, 
'^^^^i^^ssitated the assignment of such a freeboard as would have effectually 
^^"^^tixalized any advantages which might be claimed for the type. This 
was really the crux of the whole question, and formed the subject 
animated discussion on the reading of Mr. F. C. Goodall's paper on 
Steamers," before the Institution of Naval Architects, in 
1892. At that meeting exception was taken to the rounded 
'^rale, which, it was contended, would induce the waves to come up 
overwhelm the deck, much in the same way as in the old flush spar- 
vessels with open bulwarks, where the water swept across the deck 
over the lee side. The writer will refer again to this point, and it is 
ly mentioned to show the apprehension with which the unprotected 
rbour "-deck at the sides of the turret and the rounded gunwale was 
by many experts. Indeed one expert, writing two days after the 
X>£wiiure of the S.S. "Turret" on her maiden voyage, in February, 1893, 
l^^'*^"^c>p)he8ied that she would not survive three seas, if caught broadside on, 
g as a reason, " her being so wall-sided," and he then proceeded 
confidence to prove his point minutely, as follows: — "She will 
obey the call of the first sea in time to ease herself down into the 
"^^^^^iine of water contained in the second sea, but lurch right over into 
^he trough, when, before she can recover herself, that sea will roll right 
^^er- ligj.^ j^jj^ ^^jj jjijg weight of water around her she will never clear 
^^^sclf before the third sea will carry her down, if, indeed, she does not 
^^ turtle at the second sea." 




as 



*^ is needless to say these alarming predictions were not fulfilled, and 

p ^tigh to refute them, although unaware of their publication. Captain 

^^n, of Messrs. Petersen, Tate, & Co., who was in command for this 

* ^e, on meeting with exceptionally heavy weather, voluntarily sub- 

wK^^^ the vessel to this very test, by placing her in the trough of the sea, 

j^j^^ ^ the maximum angle of heel was only 30 degs. each side of the centre, 

^he motion was described as being exceptionally easy. 

"^ter the satisfactory perfonnance of the pioneer vessel, others were 

^ proceeded with, and up to the present time there have been built, or 



Uow building for various owners, 14 steamers of this type having a 
^1 gross tonnage of 29,641 tons. (For the list of these vessels see 
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6th. By providiDg a high navigating platfonn it is possible to 
dispense with sheer and still retain the necessary reserve 
buoyancy, thus greatly simplifying the construction and at 
the same time reducing the tonnage to a minimum. 
7th. By increasing the depth of the girder greater eflBciency is 
obtained for resisting longitudinal strains, while at the same 
time the curvature of the gunwale and turret sides does not 
render this additional depth a source of weakness to the 
transverse strength. 
8th. In the turret erection every part of the structure is utilised in 
the strength of the vessel, in addition to forming a navigat- 
ing platform, so that by this means there is a considerable 
saving in weight, which increases the relative deadweight 
over that of an ordinary vessel, where it is usual to have a 
bridge or other erection on the deck for the accommoda- 
tion of the crew. This erection not only does not add to the 
strength of the vessel, but often requires additional strength 
at the ends, and at the same time adds to the tonnage. 
We will now proceed to examine the merits of these various claims, by 
aid of the comparison previously mentioned, and also the extent to which 
the tnrret-deck type fulfils the requirements of a vessel intended solely 
for the purpose of carrying cargo of varying density and character. The 
principal requirements of such a vessel may be summarised as follows : — 

Maximum strength of construction, 
deadweight, 
cargo capacity. 
„ reserve buoyancy. 
„ freeboard to navigating platform. 
„ range of stability. 
„ speeo.. 
„ coal capacity. 
„ size of hatches. 
And on the other hand : — 

Minimum displacement, 
dimensions, 
net registered tonnage. 
„ draught. 

indicated horse-power, 
coal consumption, 
cost of construction, 
cost of working. 



99 



99 
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'^Pper-deck stringer of the single-deck vessel, when subject to similar 

Gliding moments, viz., 7*249 tons against 8 tons. The reason of this of 

^^^ttae is the increased depth of girder which is obtained with the turret 

^i^ection in addition to the extra 7 inches of depth which is necessary in 

*'^^ turret vessel for freeboard on account of the absence of sheer ; from 

^^hich it appears that the turret vessels obtain additional strength 

5'^^^^^ugh concentrating the material in the centre of the vessel and taking 

^^ ^Tom the ends. If, however, this were done in an ordinary vessel by 

^^^king away the sheer, the result would be an unseaworthy ship, but in 

^^^ turret it is maintained the high platform obviates this defect. 

As a general rule a reduction would also be obtained in the bending 
^^oment of the turret vessel when subject to hogging strains, through the 
^^Sfiel not being so heavily weighted with cargo at the ends; but in 
ca^mying heavy deadweight cargoes this advantage would disappear to a 
^x-fcain extent, so that the bending moment has been assumed to be the 
**^*=>^e in each case. 

Again, in any structure subject to such longitudinal strains as those 

^u ocean-going vessel, if the depth of the girder can be increased with- 

J^^*- proportionately increasing the transverse strains to which it is sub- 

J^^^^t^ed, then a distinct economy is effected in the structure, provided that 

^^ Scantlings of the additional depth are sufficiently rigid to withstand the 

^'^^'^Hary working strains without buckling, and this is a point which may 

Noticed with regard to the section of the turret vessel. If the side of the 

^^s^el were carried up with an ordinary " tumble home," to the level of 

^^^ turret-deck, and the ordinary deck fitted there, it is very evident that 

^^^ would necessitate a considerable increase in the transverse framing 

^^ the vessel by the introduction of beams, etc., to meet the increased 

^^^ins on the extra flat of side ; but in the turret vessel the curvature of 

uie gunwale practically reduces the flat of side, and, combined with the 

Tound at the base of the turret, makes a section which does not add to 

the depth of unsupported side, and is evidently of a stronger form trans- 

rersely than the long beam of slight curvature forming the deck in a 

vessel of ordinary type, while at the same time the above-mentioned 

reaction in the longitudinal strains is obtained, so that there is a net 

Bdving in the structure as a whole. 

It may also be noticed that the turret erection also gives local strength 

in way of the hatches and openings in the turret-deck, forming a fore 

and aft girder, which effectually prevents any sagging of the deck in the 

way of the hatches, without any special pillaring, as in the case of an 

ordinary vessel, and in addition the whole of the pillars may be wide 
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It will be noticed that the tonnage of the erections in the single- 
decked steamer are somewhat the same as those of the turret steamer, 
being 229 tons and 234 tons respectively, but, owing to the absence of 
^eer, the nnder-deck tonnage of the latter is much smaller than that of 
the single-deck steamer, and it naturally follows that the net register is 
^Iso smaller. 

Cargo Capacity. — ^The turret-decked steamer is essentially a dead- 
'^eight carrier ; in fact it is practically impossible to have a large measure- 
^^ent capacity and a small net register at the same time, since the latter 
18 intended as a measure of the hold capacity, so that in this respect the 
*iurret is inferior to the part-awning-deck steamer. 

The deadweight of case cargo fills the holds of the turret at 48*7 

^^Iric feet per ton, as against 55*3 for the part-awning-deck vessel, but 

^^^ apparent advantage in the latter vessel is discounted by the fact that 

^^ae vessels cannot fill all the available space in the forward 'tween 

<iecks on account of the trim, and usually run with part of this space 
empty. 

In this connection it is curious to notice the transformation which 
'^^^ been executed in the development of the part-awning-deck type from 
^*^ prototype, the raised quarter-deck steamer. The raison cFUre of this 
'^tit^er type was to secure an equal distribution of the cargo in each hold 
^^^ <x>inpensate for the loss of space caused by the shaft tunnel, etc., and 
^^^ insure the vessel's trim by the stem, especially when carrying coal or 
otiixer bulk cargoes, and after passing through various stages, we finally 
*^*^ve at the exact reverse of the initial design. 

A fairer comparison as regards capacity may be made with the single- 

^^«ked vessel. In this case the holds are filled at 50*2 cubic feet per ton, 

^ Against 48*7 for the turret, but the actual measurement of the two 

"^^^Belfiig ahnost identical, being 170,040 for the turret and 167,559 for 

^ aiiigle-decked vessel. 

"^e question naturally arises, how is it that the turret has less tonnage 
^''^ttrement and greater cargo measurement than an ordinary type of 
veaael ? This apparent anomaly is explained by the different character of 
^e erections. As before mentioned, the addition of the erections to the 
nBder-deck tonnage is about the same in both types, but whereas none of 
tfcese erections are available for cargo purposes in the single-decked 
0<ieamer (excepting the tonnage of hatches over \ per cent, of gross ton- 
nage), in the turret erection there is about 17,000 cubic feet of case 
cargo space available, which is more than sufScient to make up for the 
ikficiency of the space below deck, and thus equalises the capacities, while 
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the difference between the tonnages maintains mnch the same ratio, as the 
difference between the tonnages under deck. 

As regards the capacity for cargo in bulk, the turret vessel compares 
more favourably with the single-decked steamer, the latter having a 
measurement 2J per cent, less than the former, the reason of this 
superiority for bulk cargo is to be found in the rounded base of the 
turret erection and the rounded gunwale. This allows of the bulk cargo 
trimming closer up to the deck than in the case of the ordinary decked 
vessel, where the space between the beams could hardly be considered as 
available for bulk cargo. The rate of stowage for bulk cargo in the 
turret vessel becomes 51*7 cubic feet per ton, so that as regards this kind 
of freight the type may be said to meet the requirements of most trades, 
but for case cargo there is no doubt that the vessel would be short of her 

proper load-line when carrying light case goods, timber, or cotton. In 

a vessel intended for the general cargo trade, however, it must 
remembered that the best results would be obtained from a type having 
medium capacity, so that the minimum of loss would be sustained i 
carrying cargoes of an exceptionally heavy or exceptionally liglit 
character. 

In all three vessels the capacities for cargo include the reserve croas 
bunker over the donkey boiler shown in Plates LV. and LVI., Fig. 1. 
The permanent bunkers in all the types being abreast the engines and 
boilers, and hold about 275 tons in each case. 

It would not be generally supposed that the harbour-deck at the sides 
of the turret was a suitable place for carrying deck cargoes, but the writer 
is informed that timber-deck loads are often carried here, and very 
satisfactory results are reported, and in no case has any loss been sus- 
tained, which seems to show that the space is more suitable than would 
appear at first sight. It is apparent, however, that any sea striking the 
deck cargo could not carry it over the lee-side on account of the turret 
erection, but the lashings would require to be very carefully made, or the 
ciirgo would roll off the deck. The principal objection is the stability, 
for it is essential that the turret-deck steamer should have a high initia^ 
G.M. at the load draught, which the loading up of a deck cargo woulrf 
be apt to interfere with. 

Sfdhilitf/, — Althonuh the appearance of the turret vessel does not, as a 
rule, secure the confidence of the uninitiated as to its power to resist 
" turuinij: turtle," investigation seems to point to the conclusion, which 
experience confirms that, if properly designed, there is no question as to 
the stability of the type, both as regards righting lever and range. This 
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^ ^ seen by reference to Plate LIX., which shows the comparative 
^^^ of stability for the three vessels under consideration, 

-A^ before stated, the turret vessel requires a high initial G.M. at the 

^^ draught, for the rounded gunwale and absence of sheer and erections 

^ the side would not otherwise give a sufficient righting moment at 

^^ smaller angles of keel. This, however, is mainly a question of 

^-"^^i^ensions, and in the case in question the G.M. is 2*75 feet when 

^^^ed with homogeneous cargo. For purposes of comparison a similar 

^^^tacentric height has been taken in the other vessels. It will be 

^^^u from the curves that the feature of the stability of the turret type 

^^ Joad draught is a long range and a medium righting lever. The 

^^^^^^inaum of '75 of a foot is reached at 23 degs. heel, from whence to 

^■^ degs. there is a slight diminution of the righting lever to '68 of a 

^^^t, at which point the turret comes into play, and the lever increases 

^ ^ second maximum of 1*02 feet at 61 degs., and finally vanishes 

^t 1 OO degs. The maximum righting arm of the single-deck and part- 

^'^^ing-deck vessels is much greater, being 1*7 feet at 48 degs. and 2*41 

^"^^ at 53 degs. respectively, but the range is slightly less than the turret 

^^as^l^ viz., 92 degs. and 99 degs. It may be advanced that the righting 

^^^^^rr of the turret is too small to give a reserve of stability in case of 

^'-'^^X'gency, as in a sudden squall ; but in this case there are no masts or 

^X^ Ixamper to affect the vessel under these conditions, as in the case of 

* ^^.iling vessel or heavily rigged steamer, so that although the motion 

^^^1 iDe easy it will be quite safe, and the reports of the sea experience of 

t-tx^;^^ vessels tends to confirm this conclusion, the motions being stated to 

''^ "^^xy steady and free from the jerky, uneasy action which prevails 

^*^^Tx the vessel is very stiff, as in the case of the two vessels whose curves 

oT st^tbility are shown in Plate LIX. If these vessels were steaming with 

^^^ ^^itial G.M. of 1*5 feet, loaded with homogeneous cargo, which is 

^^Kiut what a well-proportioned vessel would work out at, the three curves, 

^* shown by the dotted lines (Plate LIX.), would be found to be very 

^^^b the same, excepting for the long range of the turret vessel. 

The additional safety which the turret has, when loaded with homo- 
?^^^iis cargo in bulk, will be at once apparent ; in fact, the efficiency of the 
turret erection as a grain feeder, and the slight effect of any movement of 
C*^o in this erection as compared with the effect of ciirgo moving at the 
g^wale of an ordinary vessel, is so obviously in favour of the turret that 
it need not be further aUuded to. There is, however, one other point 
i^hich affects the stability of the turret type favourably as compared with 
ordiDBij vessels, and that is there is no chance of water making its way 
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^ow, althongh the requirements of freeboard are generally summed up 

*® t^^ing surplus buoyancy and height of navigating platform, there are 

^*^tex- points to be considered, and these are the position of the hatches, 

^^utilators, companions, and all vulnerable openings, with reference to 

the load-line ; for as the strength of a girder is its weakest section, so 

^^^ Safety of a vessel may be gauged by the weakest openings, meaning 

^ea.lc as regards position, and in this respect the turret is greatly superior 

*^ other types. 

deferring to Plate LX., Figs. 1, 2, and 3, show the relative positions 
^^ tlie three vessels when inclined over to various angles. From this it 
^^U "be seen that the hatches of the single-decked vessel touch the water 
^t 3q degs., and those of the part-awning-decked vessel at 36 degs., while 
tl^ose of the turret do not enter the water until 47 degs. are reached. 

Of course this condition does not hold good in a sea-way, but for com- 

m the illustration serves to show the relative safety of the hatches. 

r^ards reserve buoyancy the turret has 2 per cent, less than the 

^^^'^gle-deck vessel and 5*7 per cent, less than the part-awning-decker, but 

®^^"J1 the percentage is about 3 per cent, in excess of that required by the 

■"^"'^^toard tables for a flush-decked vessel. The freeboard of the turret 

•^T>^ is regulated by the reserve buoyancy alone (with an allowance for 

^^^ liood forward over the windlass, etc.), and in arriving at the correct 

^^^^^'^.-line, the value of the turret, for the volume of its displacement 



is available for surplus buoyancy has to be estimated. There is no 

^^^V)t that for actual lifting power the volume of the turret would be 

^^ advant^eously placed at the sides of the vessel ; but, as the writer 

pointed out, there are other things to be considered than mere lifting 

er, and when the solid nature of this turret erection is considered, and 

^^ manner in which the openings are protected, and the safe gangway 

^^^^^^ired for navigation, the writer is of opinion that at least 60 per cent. 

^^ this turret erection should be considered as available buoyancy for f ree- 

"^^rd lurposes, or, in other words, that the volume of the turret erection 

^^Tild be discounted 40 per cent, on account of its central position. 

The above comparisons have been represented in graphic form by the 
^%ram on Plate LXI., in which the various particulars of the part- 
awning-decked and single-decked vessels are expressed in terms of per- 
centa^e ratios to the turret-decked steamer, which is represented by a 
straight line, the lines of the other vessels varying according to the per- 
centage which the particulars bear to the corresponding ones of the tun^et. 
On considering the general features of the turret vessel, there are two 
questions which present themselves as being awkward points in the 
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rn^ the one is : How to get the boats over the side 7 and the other, 
ow to get the ashes from the boiler ? 
With regard to the former question a glance at the arraDgment in 
?l' LXII. will show that this difBculty is overcome in*a very simile and 

fa yrj manner. This arrangement (the patent of Measrs. Doxford) 
con of davits formed of H iron, hinging on a i»n at the foot, having 
a sheave in the head over which the falls pass from the boat to a block 
secnred on the casing or deck house, from which they may be led to a 
winch. The boat chocks, as may be seen, are composed of a double 
bracket riveted to the face of the davit, the outer chock hinging on the 
at the keel of the boat and secured by a pin. See Fig. 2, Plate LXII. 

The davits are secured to the upper bulwarks by means of a key, 
all that is necessary to lower the boat is to knock out this losy 
the pin securing the boat chock ; the weight of the boat then cauaes 
davit to fall outwards until stopped by a guy rope, after which the 
lowers away in the ordinary manner until placed in the water. This 
very simple arrangement, and the process of getting a boat out should 
considerably accelerated when compared with the ordinary metbod 
revolving davits. 

In getting rid of the ashes the arrangement shown in Plate 
is adopted ; this is '^ See*s patent ash ejector/* for the sketch of 
the writer is indebted to Mr. F. J. Trewent, the sole licensee of 
patent. This apparatus turns what would be otherwise a difScnlty in 
turret vessel into an actual gain, for by this simple gear much labour 
saved in the stokehold. The apparatus consists of a hoppw placed in dip 
stokehqld a little above the floor, and fitted with a water-tight cover. AP 
the bottom of the hopper a V pipe is fitted, one leg of which is carri' 
up and through the ship's side above the water-line ; at the bottom of 
V a valve and connection is made with one of the engine room pumps. ^^ 
To discharge the ashes the pump is first started, and then the valve is 
suddenly opened, and the water rushes up the pipe and out of iffQ sides 
with considerable force. All that now remains is to shovel the ai 
into the hopper, and they are drawn into the pipe by suction and dis- 
charged about 20 feet from the ship's side, mixed with the water, an* 
therefore free from dust. 

It has been the endeavour of the writer to carry out the comparison 
in as fair and accurate a manner as possible and without prejudice to 
either type, yet, while by no means looking upon the turret as a perfect 
tyiK\ or even as preferable for certain trades, there is, in the writer's 
opinion, no denying the fact that a decided superiority is manifested in 
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the tjpe when intended for general cargo purposes of a deadweight 

charucter ; and a glance at the comparison between the three types will 

show that, in its own particular line, the turret type would be earning a 

very fair profit on freights which would be hardly remunerative to the 

ordioary type of steamer. 

It has been said that the result of developments such as this only 

increases the competition already so severe by making it more difficult 

for tbe older class of vessels to be profitably worked, but, in the writer's 

opinion, this argument takes a very narrow view of the subject, and is 

no more Ukely to deter the adoption of an improvement than it would 

have deterred the change from iron to steel as a shipbuilding material, 

or the step from compound engines to triple expansion. 



TABLE A. 

^^ COMPABATIVB TABLE OF PAETICULAES. 

^^HBBT-DBCKBD, SiNGLB-DEOKBD, AND PART-AWNIKG-DECKED StBAHBBS. 



i«ength between perpendiculars 
breadth, moalded 

^«PtIi. moulded 

Jj2>tli of hold 

^^^Q^lit ex keel 
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SnQixxkcr freeboard to statutory deck- 

••• ••• ■•• ••• 

J^^ displacement in tons 

^^«m oient of displacement 
«se»rve buoyancy in tons 
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bvFwli. " " required 

y *^i"eeboard tables for flush-deck vessel 

'^^^^ted for the summer load-line ... 
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^y ^ _ _ *VCW ... ... ««( ... 
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Y^ i^ VjU a,. ,,, ... ... 
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^'«eisti»r 

^*ei^r ... ... ••• ••• 



297 ft. ins. 

39 „ 9 „ 

^ „ 1 ,) 
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19 „ 6 „ 
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•795 
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DISCUSSION. 

•. Theo. W. Doxpord (Past-President) took the chair on account of 

"le President having to leave to catch a train. He explained that as 

soon a^a his firm leamt that Mr. Kendall was preparing a paper on this 

subject they dropped the intention they had had of reading a paper upon 

it themselves, and for this reason, that they felt Mr. Kendall, with the 

experience he had had as representing the Bureau Veritas from the com- 

inenceinent of the type, would be able to prepare a paper with less bias 

than themselves, seeing the personal interest they had in the subject. 

Be iid not propose to take this opportunity of entering upon the merits 

of the question at all ; but there was a gentleman present representing 

the British Corporation who had also been connected with them — as 

representing that society — from the beginning, and he thought they 

would all be pleased to hear what he had to say upon the subject. He 

believed that Mr. Courtier-Dutton had come specially from Glasgow to 

be there that night, and might not be able to be present at the adjourned 

dificusaion. They personally owed a great deal to both of these societies 

for the assistance they had given them in the development of the turret 

type of vessel. 

Mr. W. T. Courtier-Dutton said he thought Mr. Kendall gave a 
very interesting account of the value of the turret-decked type of vessel 
as a deadweight and bulk carrier, also of the structural advantages of 
the form, and the better distribution of material possible on account of 
that form. Before, however, referring in detail to the structure itself, 
he should like to be permitted to make a few personal remarks with 
a view to avoiding what he felt might be an unfair impression of the 
British Corporation with regard to the part which they had taken in 
the development of these vessels. So far as he (Mr. Courtier-Dutton) 
knew Mr. Kendall was not associated with the Bureau Veritas at 
the time those vessels were first considered, and he had therefore, 
nnwittingly, done the British Corporation some slight injustice, not 
so much in what he had said as in what he had left unsaid. He 
thought Mr. Doxford would bear him out when he said that the Cor- 
poration from the first fully appreciated the structural possibilities of 
this type. The present vessel was very different from the first conception. 
In the midship section first submitted to, and approved, he believed, by 
the Bureau Veritas, the turret itself was simply a continuous hatchway, 
fore and aft, with hatch covers coming down in the usual way to the 
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sides of the turret, the upper part of the turret topside forming, pract 
cally, the coamings. The section was submitted to the Corporation, 
he thought they were of some assistance in altering that form to tl 
condition it had now assumed. They pointed out to the builders that z 
would be a distinct advantage to have a stringer plate, which wouli 
provide a very rigid corner at the upper part of the turret, forming 
stronger member for the top of the girder, and at the same time pr<fc 
viding a gangway or working platfonn for the vessel. It was alp 
arranged at that time that the web frame fitted at intervals should 
carried right round at the level of the harbour-deck, and so form a 
tinuous girder right round the ship. This, he tjiought, was a very impo 
ant point, and was embodied in the vessels as now built. He might 
that the necessary calculation of strength, reserve buoyancy, and f reel 
were made by them at a very early stage, and that they had assig: 
the freeboard to all these vessels. Before leaving that, he might say 
all admired the zeal with which his friend, Mr. Gravell, a short time 
very properly and justly, he thought, claimed on behalf of his society tl 
they were the first to take in hand the question of the construction of 
vessels, and therefore he was sure that Mr. Gravell and Mr. Kendall, tl 
able representatives of the Bureau Veritas, would not grudge him ti 
little explanation of the part the British Corporation had taken in tl 
development of the turret vessels. Coming now to the structural strengt. 
of these vessels, he considered that this great girder on the top of tl 
harbour-deck, giving, as it did, a rigid inner edge to the harbour-dec^ 
plating, prevented any possibility of horizontal deflection at the harboui 
deck, and with the two sides of the turret tied together at any reasonab' 
intervals, the usual close spacing of beams became unnecessaiy. For tl 
same reason, considering the great depth of the girder, about 5 feet 
the case of the vessel to which Mr. Kendall refei*s, but of a much great 
depth, about 6 feet 6 inches, he thought, in the model before the'- 
vertical deflection was also practically impossible, and a close spacing 
stanchions was unnecessary, and it became possible to adopt a sysU- 
of transverse framing in which all the work was transmitted to stn 
web frames at interv^als of about 20 feet. This was an undoubt&<^^^^^^^ . 
better distribution of material, and more scientific, than the ordina: ^.^^^0 
close spaced web frames. The principal development seemed to lie in tt^^ --^^ 
extension of the principle of longitudinal framing. He quite agreer-^^^^ 
with Mr. Kendall as to the increased transvei*se strength obtained b' 
rounding the top of the vessel. Another advantage seemed to him (Mr^' 
Button) to be the unbroken continuity of strength all fore and aft. The 
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J^stein of framing was not interfered with, all that was necessary was 
6j 



, ^^ve a sufficient number of strips of plating to ensure the sides being 
. ^gether, and this was simplified in view of the resistance to deflec- 



^ to which he had referred. Mr. Kendall mentioned a case of the 

. '^ial-awning-deck type as probably the most successful rival of the 

^Week as a freight carrier, though not equal to it, and his figures 





^ to bear out that view. He could only say that he was sorry Mr. 

^ » ^ ^dall could not bring forward a better designed vessel as an example ; 

^^ hybrid type of boat being, in his opinion, unscientific and non- 

^^^"^lanical. On the question of stability attention was called in the paper 

fe le very great range of stability which these vessels possessed, no doubt 

«ry important factor in considering the ultimate safety of the vessel. 

5 initial stability was comparatively small, and while with the modern 

1 of broad beam and box section, it was not desirable to have too 

^h of this initial stability, on the other hand, there was the possible 

ger of having them too easy. He did not consider, for instance, 

ing generally, that it was desirable to load these turret vessels to the 

:iit where the area of the load water-plane would be reduced by the 

ding over of the side, and in the assignment of their freeboards this 

ait was fully considered. Of course this matter, again, might be 

by the result of careful stability calculations. In comparing 

reserve buoyancy of the turret-decker with the ordinary vessel, 

Kendall perhaps gave an unfair advantage to erections of the 

r, which he credits with actual surplus buoyancy ; for while the 

it itself provides reserve buoyancy the erections have a value 

igned on account of the assistance they give to a vessel in a sea-way. 

a matter of fact, bridges not fully enclosed might be a source of 

i=>ger to the vessel by holding a body of water which could not be got 

of readily. He agreed with Mr. Kendall that the present value for 

rve buoyancy assigned to turrets seemed inadequate, but would remind 

^^^^^ that the regulations as they stood at present were tentative. This 

^^^ht him to the last paragraph in the paper, namely, the statement 

^^ there were people who advanced the astonishing argument that the 

P^iiority of the turret vessels should be disallowed and put an end to 



r^^^lse the ordinary vessel would be unduly handicapped in the race for 
^^ess ; or, in other words, that none should advance because others 

^^tt be left behind ! This might be intended as a snub to the builders, 
^^> he believed, were able to take care of themselves ; or it might be 
^^t as a rebuke to the register societies who had the audacity to 
^^5^oe a little out of the beaten track. 
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Mr. S. 0. Kendall asked leave to say in regard to his remark npcH^* 
irhskt he (Mr. Kendall) had not said with respect to the part the Briti 
Corporation had taken in the classification of the turret vesselSy that th^. 
same might also be said by the Bnrean Yeritas, for he had not referred 
the part either took in the details of the turret vessels ; and he certainly, 
had no desire to minimise the importance of the part taken by the BritidD 
Oorporation in co-operation with the Bnrean Veritas, in the developmeiiK^^^ 
of the details of these vessels. 




Mr. OouBTiBB-DnTTON said he was very much obliged to Mr. 
for the remarks he had made. He had no desire to press the point, 
lay any stress upon it ; but he felt that as the paper wonld be embod£ 
in the Transactions of the Institution the little explanation wi 
been made would prevent some injustice being done to the 
he represented. 

Oapt. John Nicholson said the few remarks he had to 
related purely to the practical part, in which he had had very 
experience. He did not fall in with the views of Mr. TTAnHftll ; 
before discussing the practical part, let him explain away a point 
over the first voyage of the ** Turret." It had been stated that Oa] 
Petersen, whom he was glad to see present, made the voyage in 
vessel. He thought Oaptain Petersen would tell them he was glad 
land at the Western Islands. He would be able to correct him if he 
wrong. The advantage claimed principally was the saving of weight i 
the hull with efficiency, but as that was more of a scientific question, 
would pass on. A second advantage was the alleged greater safety 
navigation of the turret-deck steamer, that in heavy weather it would 1» 
much safer and easier to navigate than the ordinary type of cargo steamer. 
He was soiry to think that in dealing with this vessel Mr. Kendall had 
taken an almost obsolete type of vessel for comparison. He was com- 
paring a single-deck ship similar to those buUt in the early seventies. 
He (Captain Nicholson) thought it an unfeir comparison. Owing to the 
fact that that class of vessel was quite unworkable at the present time, it 
was well known that very great improvements had been made in the 
ordinary cargo steamers during the last fifteen or twenty years, and at the 
same time bear in mind that Mr. Kendall was supposed to be dealing 
with the so-called most modem type. The vessel he should have dealt 
with was the improved part-awning-deck ship, which was far superior to 
the tun-et ship. He touched on the question of height above the water- 
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line of a part-awning-deck vessel in comparison with a turret of a similar 
size, and gave the height about 8 feet 10 inches after allowing for round 
^^ beam. To say nothing of the hatches and other substantial deck 
erections, the height would be nearer 10 feet. Add to this the sheer 
ioir^ard of, say, 7 to 7^ feet, would give a resisting power at the very 
^^-^^^xigest part of the vessel of nearly 17 feet. Then take into con- 
®^^etution that the flotation given in the other part of this vessel 
■■''^presented the full width of beam, say, about 40 feet. This, in his 
^^^I>inion, would give them a reserve buoyancy and lifting power of more 
XI double that of the " Turret," with her 10 feet 8 inches to the top of 
turret-deck and 4 feet 8 inches to the so-called harbour-deck. He 
assume this latter vessel, say, the " Turret," was crossing the Atlantic 
and loaded down to her usual draught. She met with a very 
^^^^^ gale and a wave rolling between 40 to 50 feet high, asd probably 
Tiing at the rate of 10 to 11 knots, in such weather she would be 
to sea, steaming say, 1 to 1^ knots, she would have to face a force 
1 to about 11 knots, and owing to her want of sheer and of sufficient 
^^jancy forward, she would not rise in time, hence the mighty Atlantic 
^^IW would pass over her. If she had time, and the wave was going 
^ly, which it would not be, she would rise right enough, so would a 
xidon barge if she had time. They performed their work splendidly, 
^^t their owners did not attempt to send them across the North 
^^^ when they knew very well that if they came in contact with 
^^^vea of any height they would be almost certain to founder. He 
^^iieved the "Turret" to be sufl5ciently seaworthy in every respect to pass 
^*^Jy through short, choppy seas. But he held that it would be practi- 
^^^y impossible to raise her out of such a sea as he had mentioned 
^thout additional flotation forward ; the sea was bound to go over her, 
^^^ she would not survive many such seas. Now, he maintained, that 
^^^ awning-deck vessel — Mr. Kendall's other vessel, the flush-decked one 
■">^^ would let her drop, and would have nothing to say regarding 
^i but if the awning-deck vessel was properly constructed she was 
perfectly safe. As to the question of capacity that was a matter in which 
he could not exactly follow Mr. Kendall. He told them that the case 
capacity was 48'7. If he had taken the measurements from the out- 
side of the spar ceiling, and made fair allowance for the deck beams 
and pillars, he could not agree with him. He thought it would turn 
out 45 or less. Had Mr. Kendall made any allowance, when speaking 
of case cargo, for the rounded sides of the turret, as there was no 
doubt there would be a considerable loss, more particularly if the 
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ffere large ones? In stoving (xxgo in tiie o 

Kendall said they coald not fill between the beamB. He thon^j 

ronld be better left alone. Hr. Kendall evidently never had i 

rdinaiy vessel stowed, for the greatest oare was always taken to hav»-^ 

spaces between the beams properly filled, particnlarly with i 

joee. He came to a point he was really amiued at — the deck oa^o o 

tnrret ship. As far as he had seen the tnrrete, they had raila n 

)ng, bat saw nothing at all there for festening a deck cargo to, and ^ 

deck caigo waa put in in the ordinary way, he felt nue the fiiBt i-o^mz^^^^^^^^tia 

ae vessel got into a sea mnning 6 or 6 feet high, away wonld go t3t0^ _^^LQd 

leek caigo, for the sea, striking the rounded side, wonld roll on solid, am^-*^^^ a^ 

thus lift the timber with the greatest ease, whereas if it was striking m^^^"^ ^-<bfty 

ordinary ship it would break, and only the spray wonld go over. Thsy^^^- j# 

called it a harbour-deck ; he called it a sea-deck — ^very much sea. It ^^ _ < J(HJ 

the lashings were not sufficient to resist tlie whole flotation th^ were boond '^ 

to go, as there was nothing to atop them, and the ronnded sides of &it 

vessel would materially aasiat this operation. With regard to the advan- 

tagee claimed for the hold pillars, he saw nothing in this, as one aS the 

pUlaiB nsed in the tnrret wonld occupy a space equal to dine or four 

ordinary ones. Then there was the qUGstion of deadweight, takii^ valm 

for vdne. As a matter of fact, he knew partial-awning-doci ih^ 

carrying as near as possible the same weight in proportion to the riat. 

It most be patent to every one that the turret vessel wonld not cany ber 

fall deadweight with many bulk cargoes. Bupposing she had to load 

coal, measuring from 51 to 55 feet per ton, it was easy from Hr, 

Kendall's figures to show she would have to go very short. In genenl 

cargoes she would be almost entirely excluded, and in bad weather H 

would not be possible to put on deck cargoes. The only gain was in net 

tonnage, for the actual price of the turret vessel was no less than the 

ordinary vessel, the saving was in the net tonnage. They were sacrificing 

the efficiency and stability, and in his opinion practically -gaining 

nothing. He maintained the first thing the shipbuilder ought to take 

into consideration va.s a ship's efficiency and stability ; no ship onght to 

be sent to sea until thoroughly efficient, and without risk or danger from 

any voyage she might have to make. If he were asked, "Should this 

vessel go across to the Baltic?" he would say "Yea," for she would only 

encounter short cross seas ; and indeed she might be sent on any trade 

wliere only short choppy seas were encountered ; but in the Atlantic, 

with its great rolling waves, then would come the tug of war, and it 

would then be proved whether she was the type of steamer for the future. 



^ 
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■*^^ thought 80 far as regarded the stability claimed for the tun'et on 

^^^^^unt of her rig there was absolutely nothing, as cargo steamers were 

^17 lightly rigged now and had been for some years. Last, but not 

^^^^5 the getting out of these boats ! He had seen this vessel iu dock, 

"Wondered how were these boats to be got out in a. gale of wind, and 

> if they got them out, were they going to get the men into them ? 

held it would be practically impossible, owing to the formation of the 

I's sides, assuming that they were able to launch them. He hoped 

. ^^ ^^^ would never have to be used, for he was sure that in heavy weather 

men would never get into the boats, even on the lee side, the range 

^•^11 of the waves would be liable to throw the boats on the rounded 

^8 of the so-called harbour-deck, and if so they would certainly capsize ; 

great safeguard for keeping a boat in a safe position alongside in 

^ weather being that they had the upright side of the vessel to 

e them. 

The Chaieman (Mr. W. T. Doxford, Past-President) said that it was 

too late to continue the discussion that night, but expressed his 

"Pleasure in hearing Capt. Nicholson express so strongly his views upon 

^^vis question, for nothing brought out the advantages or disadvantages 

^'f any subject better than a strong opposition view strongly expressed. 

^^ doubt next meeting some gentleman who had had practical experience 

0^ these vessels at sea might be able to reply to Capt. Nicholson, who had 

^% spoken from his experience at sea in other types of vessels, and 

perhaps he might be able some day to see his error. There were many 

things about these vessels Capt. Nicholson had not seen, and he (Mr. 

Doxford) would have great pleasure if he could come and see the turret 

vesfiela now building, and thus be the better able to understand their 

details. They might not be able to convince him he was wrong, but 

there was always a chance of their doing so. 

Capt. Nicholson said he would have great pleasure. 

The meeting then adjourned. 
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NORTH-BAST COAST INSTITUTION OF ENGINEERS 

AND SHIPBUILDERS. 



Eleventh Session, 1894-95. 



PROCEEDINGS. 



SEVENTH GENERAL MEETING OF THE SESSION, HELD IN THE 
LECTURE HALL OF THE ATHEN.EUM, WEST HARTLEPOOL, ON 
SATURDAY EVENING, APRIL 6th, 1895. 



Aldbbman THOMAS RICHARDSON, B.A., J.P., Peesident, in the Chaie. 



The Secretary read the minutes of the last General Meeting, held 
in Sunderland, on March 12th, which were approved by the members 
present, and signed by the President. 

The ballot for new members having been taken, the President 
appointed Messrs. J. R. Fothergill and G. H. Baines to examine the 
voting papers, and the following gentlemen were declared elected : — 

MEMBERS. 
CampbeU, John M., Shipyard Manager, 4, Winchester Terrace, Newcastle-on- 

Tyne. 
Fisher, John, Shiphnilder, Park Side, Jarrow-on-Tyne. 
Fox, WiUiam, Engineer, 9, Winfield Terrace, Chester Road, Manchester. 
Renton, John, Marine Surveyor, 1, Akenside Hill, Ne\vcastle-on-Tyne. 

MEMBERS (LATE GRADUATES). 
Armstrong, William S., Shipbuilder, 8, Friedrickstrasse, Kiel, Germany. 
Fairbaim, James, Engineer, 54, Amberley Street, Sunderland. 

ASSOCIATE. 
Wade, Wentworth S., Marine Superintendent, 104, Whetstone Lane, Birken- 
head. 

GRADUATE. 
Brown, George M., Engineer, 243, Albert Road, Jarrow-on-Tyne. 



roL. X1-— M»- 




NOMINATIONS. 

The President intimated that in accordance with Article X of the 
CuQsLilution, the following gentlemen would retire from the Ooancil : — 
Pmidcnt— Aid. Thoa. Richariison, B.A., J.P. ; Vice-Presidents— Mr. J. 
Gravell, Sir William Gray, and Mr. A. Taylor ; Ordinary Members of 
Cowncil— Slessrs. M. 0. James. W. C. Mountain, T. Mndd, J. Patterson, 
and W. G. Speiice ; Hon. Treasurer — Mr, G. E. Macarthy. 

In aceoi-dancc with Bye-law 11, the Pjiesident, oh behalf of the 
Council, uominntod the following gentlemen, to be balloted for, to fill np 
the vacancies : — President — Aid. Thoa. Richardson, B.A, J.P. -, Vice- 
Presidents (three to be elected)— Mr. John Gravell, Sir William Gray, 
Mr. D, B. Morison, and Mr, James Puttereon ; Ordinary jrembors t>f 
Council (five to be elected) — Mr. W. H. Dngdale, Col. T. Bnglisli, 
Messrs. J. B. Fiirncaux, Robert Readhenii, 0. J. Seaman, and John 
Walker ; Hon. Treasurer — Mr. G, E. Macarthy. 

Further nominations were open to the meetiug, but noue wore made. 



CONSTITUTION AND BTE-LAWS. 

The Phzsidest, on behalf of the Conncil, gave notice that at the 
Closing Business Meeting, to be held ia Newcastle-upon-Tyne, on May 
Mih, he would move that the following alterations ant! additions be 
ni[ide to the Articles of ConBtil,ntion and the Byt-laws, the proposed 
alterations being in italics : — 

Add to Constitution VIII. — ^' All suck compositions sJiall be deemed h 
be capital moneys of the Institution." 

Bye-law 6. — For " first of June " read ^^ first of August," as under: — 

Bye-law 6. — AH subscriptions shall be payable in advance, and 
shall become due on the 1st of August each year. Any Member, 
Associate, or Graduate wishing to retire from the Institution shall con- 
tinue to he liable for his annual subscription until he has given formal 
notice of his retirement to the Secretary, which notice must be given 
on or before the Slst of August iu each year. Application for member- 
ship may be made at any time during a session, and the subscription 
shall cover the membership np to the Ist of August following. 

Add to Bye-law 28. — " T/ie President shall, ex-ogicio, he a memher of 
all Committees." 

Add to Bye-law 31. — " (1) A Grndiuiles' Award Commiilee, to consist 
office membm't." 



1 
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Bye-law 48.— For " the 81st of May," read " the 31 si of July r 
Insert the following new Bye-law after Bye-law 44 : — " The Finance 
Committee may, with tJie consent of the Council^ invest in the names of the 
appointed Trustees of the Institution any moneys^ not immediately required 
for the purposes of the Institution in, or upon any approved securities,^* 



The discussion on Mr. Henry Foster's paper ** On the Application of 
the Electric Arc to Machinery and Boiler Repairs, etc.," was resumed 
and adjourned. 

The discussion on Mr. S. 0. Kendall's paper on " Turret-deck Cargo 
Sfcearaers" was resumed and adjourned. 

Mr. G. H. Baines's paper on " The Meiric System of Weights and 
Measures" was deferred to an extra General Meeting, to be held in 
Sunderland, on April 24th, 1895. 



DISCUSSION — MACHINBBY AND I 



ADJOURNED DISCUSSION ON MR. HENEY POSTER'S PAPER 
"ON THE APPLICATION OF THE ELECTRIC ARC TO 

MACHINERY AND BOILER REPAIRS, ETC." 

Mr. H. Macoli. said there could be little doubt that Mr. Foster in 
his intureating paper had put before them a moat valuable apjiliance, and 
one that would become of steadily increasing important. It was there- 
fore a matter of regret that, althongh such a fitting aa a boiler furnace 
mi;;ht be welded from end to end with approval by one of the Govern- 
ment Departments which was supposed to ooiicem itself with the safety 
and efficiency of marine engines in vessels carrying passengers at sea, yet 
on no account must the smallest jiortion of the steel working parts of a 
marine cngiue be welded if the structure was to obtain a passenger 
certilicate. And as that was a matter specially affecting marine engineers 
he would suggest for consideration whether it was not advisable, and 
strictly within their province, as an Institution, to appoint a repre- 
sentative committee with powers to endeavour to bring about a more 
satLsfaetory understanding than was the case at present. 



■^ 
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ADJOURNED DISCUSSION ON MR. S. 0. KENDALL'S PAPER 
ON "TURRET-DECK CARGO STEAMERS.' 



»> 



Mr. Thomas W. Watson, continuing the discussion, said on page 213, 
advantage 6th, it was claimed that by providing a high navigating plat- 
form it was possible to dispense with sheer and still retain the necessary 
reserve buoyancy, thus greatly simplifying the construction, and at the 
same time reducing the tonnage to a minimum. Just so ; reduction of 
tonnage seemed to be the great object the up-to-date shipbuilder had 
in view. Everything possible must be sacrificed to this modern Moloch. 
Even sheer — and if the register tonnage could only be reduced and the 
deadweight capacity retained, the" comfort of the seamen and the appear- 
ance of the ship need not be considered. This seemed to him to be a 
mistake, and no living scientist would ever convince him that any 
amount of righting lever or high initial G.M. would make a flat- 
bottomed, wall-sided, straight-lined, turret-deck steamer equal either 
in comfort or sea-kindliness to a modern single-decker with a decent 
rise of floors, a small bit of tumble home, and just enough sheer to swear 
bj, though the more sheer she had the better she would be. They had a 
decent ship in the first " Lustrum " of the '80's — well built, well found, 
and well decked ; but since that time they seemed to be trying to fiud 
ont how far off that very safe ship they could get to be still safe. In Table 
A, page 223, the turret freeboard is given as 4 feet 8 inches, percentage 
of spare buoyancy, 30*4 ; single deck, freeboard, 4 feet 2^ inches, with 
32*4 per cent., an apparent difference in favour of the single-decker of 
only 2 per cent. ; but if they referred to the required freeboard for this 
class of vessel, corrected for the summer load-line, it was really 2*27 per 
cent, in favour of single-deckers, or only Jth of excess buoyancy in the 
tnrret-deck against Jth of excess buoyancy in the single-decker, i,e,, over 
the percentage of freeboard required for summer load-line. In Table 
B, the S.S. " Beucliffe " was the only one marked Veritas and Lloyd's. 
Would Mr. Kendall tell them, if it was not asking too much, if the 
** Bencliflfe " differed in any structural dimensions from the other seven ? 
And if so, was she stronger or weaker, or, if he liked it better, was the 
scantli ng" heavier or lighter ? It seemed to him from the particulars given 
on paff'e 211, 'paragraph 2, Plate LX., that the safest position of the turret- 
deck steamer was an angle of about 30 degs. from the upright. He 
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^^9 and they still kept drawing upon their inventive faculty and 

imagination rather than face facts. The first crew not only soon found 

^^^ that the " Turret " could float in a heavy sea-way, but that she 

oehaved with most exceptional ease, in spite of her being loaded down to 

^^^ winter mai'ks with a most trying cargo, consisting of railway material 

^^^ patent fuel. The same crew nearly all remained in the " Turret " 

^ ^^ ^bout a twelvemonth, and some of them, after being paid off, went 

^^ the other turrets they were then building. In fact, they had several 

^^anda standing by at present waiting to go into the new vessels now 

^^Ming, who had served only in turrets since the first voyage of the 

•S. *' Turret." He might explain that it had been arranged with 

^ partner (and Messrs. Doxford would testify to this), that if he con- 

iQered that a sufficient test of the "Tun-et's" sea-going qualities had 

^^^ made by the time he was near the Azores, he should land there, as 

^oer important business called for him at home. In fact, negotiations 

^^^ pending in Paris with a firm there to build a turret to carry oil in 

^^k, as it was their opinion — an opinion he still maintained — that turret 

^t>s would make the finest bulk oil carriers ever known. He might 

^^^ add that on his arrival home his firm contracted with Messrs. 

^^^^f ord for the second turret before the arrival of the first one in 

^-■^pico, where she proceeded after landing him at the Azores. He 

°^^*^'' these statements to show that Capt. Nicholson was quite right, 



^^^^=^"»^ he said in Sunderland that he thought he (Capt. Petersen) was 



P'-^^^ised to land at the Azores. Whether he meant it sarcastically or not 
"^^ did not know, and did not care, but the fact remained that he 
^^vs very pleased indeed to have made sure by that time (after passing 
^ovxrteen days in the Atlantic) that the ^* Turret " as a sea-boat had more 
^^n realised his expectations. The turret steamers under their manage- 
txiftat had, as he said, nearly exclusively been in the Atlantic trade ever 
«Aiice, and crossed all times of the year, both in ballast and with dead- 
weight and other cargoes on board, and so far their experience had been, 
th5^t the satisfactory experiment of the S.S. " Turret " had been repeated 
itt ^very single instance, and when he said that they had never had £10 
v^otth of damage done above decks, it ought to be sufficient evidence of 
tbeir excellent sea qualities. He might now turn to another and just as 
ixpportant a consideration, namely, the commercial value as compared 
^ith the older types. Capt. Nicholson remarked that the cost of turrets 
^B8 no less than ordinary vessels. He did not know where Capt. 
jficholson got his authority from, but he could assure him that he was 
^rroflg again. In every case of building these boats up to the present. 
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fact of such an attempt being made. He (Capt. Petersen) could 

conceive that any really practical man who had ever seen a turret 

could advance such views, even if he had no knowledge of the 

facts of the case. The harbour-deck running fore and afc on both 

of the vessel affords a large space for stowing wood and other 

^^^.tr^xial. But nothing showed so well as facts. On three different 

^^^^^^^^^ions they had carried wood deck loads upon their turret boats. 

I'ix^ *'Tnrret Bay" and "Turret Age" carried about 180 standards of 

each down to River Plate from Montreal in winter, and they both 

v^ed, making good passages, notwithstanding the bad weather they 

'Wintered in the North Atlantic, without losing a single board. The 

• •' Turret " also carried a deck load of pine timber from Pensacola 

^\:ie Adriatic in the depth of winter without losing any. She had 

t 70 standards on deck. This same steamer further carried success- 

on deck fifteen iron girders, 74 feet long, weighing 23 tons each, 

Baltimore to the West Indies in 1893. He thought these facts 

'V'^ that turret vessels can carry deck cargoes, and safely. The 

erection was especially useful in keeping on deck loads, and 

le seas generally struck the outside of the cargo it was next to 

to wash it off the harbour-deck. It could be secured, indeed 

almost to be part of the ship's structure. He should like bo 

in regard to Mr. Watson's remark about the comfort of the 

that if it was intended to refer to the turret, they had more 

xnmodation for the crew in them than he had seen in any other 

il. They had set aside for the crew a mess-room of very con- 

'^trable cubical capacity, and, more than that, they had a bath-room 

"the men in connection with tlie lavatory, so that there was every 

^^*^^ort men could reasonably expect. He had not seen better accommo- 

^cin even on passenger ships. Witli regard to getting the boats out, 

was a matter about which there seemed to be some doubt, and Capt. 

^^ ^^^liolfion having referred to this subject in quite an emotional strain, he 

^^^pt. Petersen) could enlighten them on this score, and set their minds 

vw, ^-j^^ After getting through the gales, he experimented at the Azores 

vMtViou^h there was no hurricane blowing at the time, there was a very 

^c>CKi roll on), and he might tell them, that having the falls ready, two men 

^^t^ched a boat in very little over two minutes. The an'angements for 

^^luchiiig the boats were veiy easy, and they could pull tlie boats up 

iflQch easier by running the falls along the winches. It did not require 

more than two men to launch a boat, the davits fell down by their own 

fieigli^ and they could get easier into the boats than they would imagine. 
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On the lee side they could almost step into them, and they were kep^ 
clear of the ship's side by the projected davits. They knew the difficnlty 
in launching boats in ordinary ships, and the trouble of keeping them 
clear from the side and preventing them getting smashed in a rolling sea 
before the crew could get into them. Then they generally had to get 
into them by the falls, as they could not, as a rule, get down the side 
ladder in heavy weather. Now, the arrangements on the turret vesaek 
were preferable to the old-fashioned davit, the difSculty of launching and 
getting into their boats being very small indeed. He would not occnpy 
their time in saying any more on the subject. He did not know, 
speaking from a commercial point of view, whether he had any reason to 
thank Mr. Kendall for his very able paper. Speaking as a turret ship- 
owner, he (Gapt. Petersen) thought he gave too much information to the 
shipowning public in these days of hard competition ; but, speaking 
generally, and as a member of this Institution, he might have set forth 
a good many more advantages. He had, of course, written more from a 
scientific point of view than really with a view of going into fall details 
of the commercial question, and he (Oapt. Petersen) thought they were 
bound to admit that he had treated the subject in « most able and 
impartial manner, for which their very best thanks were due to Mr. 
Kendall. 

Mr. G. W. SrvEWBiOHT said there was considerable credit dae to 
Messrs. Doxford for the pluck they had shown in building ships of this 
peculiar design. In his opinion, it took a great deal of courage to depart 
from any well-known type, and in placing the turret ship upon the 
market they had hit out straight from the shoulder, and he hoped if the 
criticism was of the same description that night they would consider it 
was for the benefit of the design. He noticed that the sketches supplied 
by Mr. Kendall diflTered from the original turret ship illustrated in 
Etiyineering, For instance, the engines, instead of being aft, were now 
placed amidships, and he considered this would be a great advantage, 
as it would assist the trim of the ship, more especially on long voyages. 
This also had reference to the addition of a plate bulwark now placed 
amidships, and, in his opinion, if this was carried right fore and aft it 
would be a benefit to the ship. When this design of vessel was first 
talked about he mi^^ht say that as a shipbuilder and shipowner it came 
upon him as a 8ur})rise, for, according to the reports, they were going 
to get such a wonderful ship that no other vessel would be able to 
trade in the market with the turret type ; but after going most care- 
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into the design, he had come to the conclnsion that the builders 
taken an enormous amount of trouble in trying to make the ship's 
<lt:i.ipment as much unlike a ship as possible, and they might call her a 
^ret ship, or any name they pleased, but, after all, she only resembled 
single-decker suitable for deadweight trades. To bear out his con- 
^^^tition, he would call their attention to a section he had prepared 
aa ordinary single-deck cargo boat in comparison with the turret 
ip. (See Plate LXIV.) They would see he (Mr. Sivewright) had 
wn a modification of Price's patent hatches, and by comparing the 
^''^^o sketches, in his opinion, there was practically no diflPerence between 
*^ne two types of ships, but, if anything, he considered the real single- 
^^^olcer was the' better vessel. He did not think any credit could be 
^iai aied by the designers of the turret ship for originality in stepping the 
*^H.tch coamings back from the side of the trunk hatch, as this was not 
^o v-el. They would also notice from the sketch of the single-decker that 
^aore was a bulwark shown, which he considered would be a great 
^"^^ntage, and he was quite sure this opinion would be confirmed by the 
^**-Jor"ity of seafaring men. They had heard the remarks from Capt. 
"et^^xi^gjj and his different captains about this type of vessel, but they 
^^^^ failed to show that these vessels had done anything differenc from 
^^^t anyone would expect an ordinary cargo boat to do, and he thought 
\^ ^^i^igbt be possible to get different opinions from people who had sailed 
^^ ^Hese vessels. There could be no doubt that Mr. Kendall, being a 
^^^Pbuilder and writing a technical paper, would suffer from what nearly 
^^ ^Ixipbuilders have to contend with, the want of suflScient shipowning 
^^O'wledge to give particulars of the trading of the ship. He contended 
^^^re was for too much assumption in Mr. Kendall's paper, if Mr. Kendall 
^Q^d pardon him for saying so, and they were asked to take too many 
fitatemeats on trust. If they referred to the end of the paper they would 
see it was stated " that the turret type would be earning a very fair profit 
on freights which would hardly be remunerative to the ordinary type of 
steamer," but when a statement of that kind was made there should have 
been some voyage accounts supplied to prove it, and then they would 
have been better able to discuss the turret type of ship on its merits ; 
but not having these particulars by them, it would very much prevent 
an exhaustive discussion of the paper on its true merits, for the commer- 
cial results were the proper test. Considerable attention had been drawn 
to the turret ship having a small net tonnage, but he really did not see 
anything extraordinary in the tonnage in comparison with the cubic 
capacity. A small net tonnage was very easy to get when they only 
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wanted a deadweight boat. He observed that the turret ship worked 
out to 124 cnbic feet per net register ton, and he might state that he (Mr. 
Sivewright) had built ships to 130, i^ith 268 tons permanent bunkers, 
bnt special meanB were taken to get this Email tonnage by building 
the ship with deep frames and other arrnngomeats. If owners were 
content to hare a deadweight boat, all well aud good; but it waa 
hia contention that when thej got a ship above a certain size tfaey 
could not rely upon the deadweight trade alone, and they were bound 
to go into general tradiug ; for instance, he considered the turret sliip 
was not suitable for Eastern trading, as there would be many general 
cargoes of such a nature that when the vessel was loaded she would not 
be down to her marks. He beiicved it would only be in the heavy dead- 
weight cargoes that the turret ship would be able to profitably trade^ 
and he should liked to have hail some particulars of the turret ship 
loaded with, aay, light north country coal, barley, rice, Bombay cargo, 
case oil, etc. Although Mr. Kendall in his paper had not got an up-to- 
date semi-awning-deck vessel for comparison with the turret ship, he was 
pleased to see it was admitted that the turret ship was not such a good 
cubic capacity boat as the semi -awning-deck vessel. He was sorry that 
Mr, Kendall, in the comparison of the strength of the two types, had not 
given some particulars of the semi -awning-deck vessel, but had lefi the 
columns blank. He waa quite sure that with the strong topside plating 
with which those veasuls were now built, hacke<l up with strong sectional 
framing, io K'uuld h&v-e been iiioeresliBg iuforoiatiiou for oumpanson. In 
looking over the curves of stability he could not help being struck at the 
peculiar curve of the turret ship. He considered it was the most extra- 
ordinary curve he had ever seen. It appeared to him, from the particulars 
of the cnrve, that the only safe place for the vessel was on her broftdside. 
He thought it was hardly fair to take into consideration, in the case of 
the turret ship, the central hatch or trunk as surplus buoyancy, as there 
was no allowance made in connection with the other twd ships, and it 
would be a very easy matter to make large hatches both on the single- 
decker and the awning-deck ship, which would further increase their 
surplus buoyancy if hatches or trunkways could be considered as such. 
He was pleased to notice that Mr. Kendall had not taken the extreme 
view that was taken in the article illustrating the curves of stability in 
Engineering, where it was stated that water would lie on the windward 
side of the tmnkway, and help to bring the vessel back to her proper 
position ; but at the same time if they had a boat with a small range of 
stability and little surplus buoyancy, and they were careful to load her 
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^^*t>h cargoes that would not jeopardize her seaworthiness, she might do 

«er work ; indeed he (Mr. Sivewright) knew of a vessel with a rounded 

^TUnwale that had traded with safety for twenty-six years with a very 

^^tQall range indeed. It had been very broadly stated in Mr. Kendall's 

P^^per that the turret ship was an easy sea-boat. Well, it might be so, 

*^iit certainly, from his experience, a flat-bottom, deep bilged ship was 

•*^^t, so, but the loading of vessels had something to do with this. In 

Conclusion, he congratulated Mr. Kendall upon the very excellent paper 

^ ^ tad written, and was exceedingly pleased to see the younger members 

^^x*e writing papers of such practical value as they had had lately, and 

^ hoped that the reception awarded to these papers would encourage 

*~^^iii to further exertion. 

Mr. Robert Thompson (Past-President) said he was sorry he had 

^^"t been able to go so fully into this question as it deserved, and his 

^Xxiarks would be confined principally to the comparisons given in the 

-^^^Jper. Mr. Kendall named the vessels he compared with the turret type 

*(iinary" cargo boats. Well, in his opinion, they were very ordinary 

'^0 boats. He (Mr. Thompson) thought in that respect the com- 

ison was not as fair as it might have been. Mr. Kendall had 

^*"^^>bably done as well as he could, but if he had had experience of some 

^^^le modem vessels he would have found better results, with types less 

^^^^^tly than those given in the paper. Of course, he took it, as Mr. 

^^xdall said, " the main point was to raise discussion," and that was why 

*^^ paper was submitted to the Institution. On page 210, fourth 

?^*^^graph, he read — "On the other hand there is d|nsiderable saving 

^^ected in the cost of construction and in the reduction of tonnage, 

^Qtough the absence of sheer, and the simplicity of rigging, etc." As far 

^ the simplicity of rigging was concerned, his (Mr. Thompson's) firm 

"^ bailt a vessel of the partial-awning-deck type which had pole masts 

foT derricks, with triangular sails, and the height of masts made so that 

tbey would go under the bridges of the Manchester Canal. He (Mr. 

Thompson) thought that rig quite as simple as the turret rig. Labour 

and material were the principal items of cost in construction. Mr. 

Kendall showed a saving in material, but as to the saving of labour, he 

(Mr. Thompson) thought they would find the cost greater. In long 

poop ships the poop had formerly been rounded, but this was discarded, 

becanse the captains gave it as their experience that the round poop 

helped the sea up on to the deck. In consequence of this being brought 

forcibly home to shipbuilders the poop was made square. Of courae 
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tbcre was a good deal more labour in roanded sides, and the " Turr^^^" 
ffoald cost more for labour in the rounded side and harboar-deck swg^=: 
Pereoually, he was very muob obliged to Mr. Petersen for his evidci = 
They wei-e not there, he hoped, siinpij to find fault with the " Tnrr r -^ 
Mr, Petersen's remarks went to ahow that the " Turret " was all t 
could be desired as a vessel. Through the kindness of Messrs. Dosf>^^M 

he had aeeu the good workraanahip upon tliem, and all they wanted _ 

do was to see if there were any weak points, as compared with th _ ; 
strong points. There would thus be something in the discuBsion t^ ^ 
would add to their knowledge. An advantage claimed was the i'educfc^^= 
of tonnage. Well, the value of a reduction in tonni^e, of coib.i'j 
depended entirely upon the class of ship they wanted, or the trade it "-' 
intended for. For instance, his firm had built a small boat which — 
carrying 600 tons and her net register was only 154 tons. They did - 
desire a low net register if they required to take cotton cargoes, as owibz=«^ 
wanted a big net register and correspondingly large capacity. Toud^^- -* 
was somewhat proportional with cubic capacity; while, therefore, it i*^^ 
desirable to have this low for heavy deadweight cargoes, it would mc^^ ' 
reduced space for light cargoes. Mr. Petersen had told them about ti* 
luxury of baths and mess-rooms, and the better accommodation of t_-^ 
crew. No doubt it was for their benefit, but he knew these rooms h&* ^ 
also been fitted to reduce the net register. Mr. Peterson probably b*^ 
the same object in view, seeing that he had accommodation at both enifc^ 
of the vessel below the main structure. Then, as to the speed of the^''^ 
boats, "9 knots with 1,000 indicated horse-power." They ehoul^t-* 
expect more speedffor that power out of the ordinary cargo boat of tb*^ 
type and size discnssed by Mr. Kendall. The saving of weight, h*^ 
should say, was mainly due to the reduced scantlings, and partly to th-.*^ 
simplicity of the outfit. Regarding Lloyd's rales, there was a differenc^^^ 
in the comparison, viz., the single-deck vessel and the partial-awnin^^^ 
deck vessel had a depth of tank 2 inches in excess of the " Turret's.——' 
That was adding a good deal of weight. Mr, Petersen had told thec::^ 
that they had not bad £10 of deck damage in all their voyages acro^*^ 
the Atlantic. If they took all the bulwarks off an ordinary ship, and * 
cleared everything away, as in the "Turret," he thought they wouW ■ 
probably pet the same result. He should like to ask, with respect to the 
shell plating of the bottom and the engine seats, "was there any 
extra strengthening in these parts, and in the cellular bottom of the ship, 
as compensation for the reduction of scantlings ? " He thought in these 
parts the " Turret " would he weak, if anywhere. Mr, Sivewright touched 
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^pon the question of trim. They knew perfectly well that in partial- 
awniDg^Jeck ships they could trim them as they liked, viz., the vessel 
t>eing filled with a light cargo and on an even keel if required. This 
Daade a material difference to the statement of Mr. Kendall, who was 
evidently going back to the original partial-awning-deck vessels, which, 
m the bulk of cases, were not designed as vessels of this type, but 
sinaply had the bridge and forecastle joined together during the course of 
^^^ustruction, and in many cases old vessels were filled in in this way. It 
^as not fair to compare such vessels with those designed for this type, 
and which could load on an even keel if required. Another question he 
^ad to ask, " "Was this turret ship built on Lloyd's rules, so that the 
t^aais was the same as those with which it was compared ? " Then Mr. 
^^ndall said, on page 219, '*It is mainly a question of dimensions." 
*^^actly. If he (Mr. Thompson) had been getting up this paper, he 
^^uld not have given the two vessels compared the same dimensions as 
tile '* Turret." They should have been of such dimensions (for the 
^^^3ie draught and deadweight as the " Turret ") as were most suitable for 
^^ Same results, which he did not think those given were. As to the 
*^^tement of there being "no masts or top hamper," the remarks he 
^^ already made applied in this case, viz., that it was applicable to all 
^^^sels, turrets or otherwise. It was claimed that additional safety was 
^^ined by doing away with sheer and adding the sheer saved as surplus 
^^J^ancy amidships. If they approved of no sheer, they were going 
^ ^^ from the experience and results of past generations. The sheer of 
old vessels, including the Dutch galliot, was essentially for comfort 
dryness. If, as Mr. Petersen said, " it was not necessary for the 
of keeping the ship dry," other people would follow altering the 
nt type, viz., do away with sheer and add it amidships. 

^iSslr. Kendall — Read the next paragraph. 

^iVlr. Thompson — You get the reserve buoyancy there, just the same, 
tiyou? 

^^ir. Kendall — You don't get the navigating platform. 

^r. Thompson — Mr. Petersen and Mr. Kendall agreed that the seas 

^ ^^hed over the harbour- deck, but never came over the turret. But 

^* Petersen made the remark with respect to timber cargoes that, 

^^ough the seas washed over the turrets those cargoes never moved. 

^^^ were contradictory statements. For instance, he had just come 
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over the Atlantic, and he asked the captain of the ship how far the for— 
ward turtle-back-deck was from the water. He said 85 feet. Severa^^ 
times that turtle back was under water. Of course, the speed of thos^ 
vessels had a good deal to do with this, but the turret's height of turtle 
back from the water and her speed was a fair comparison. He thougl 
the first turret had no forecastle, no bulwarks amidships or round tl 
stern, and that the last turret had a forecastle, midship bulwark, ai 
round stem. If perfect before, it was not necessary to add these aft( 
wards. If there was a cause, it would be wetness, as these erecti( 
ceiiiainly added to the cost and reduced deadweight. Mr. Kendall, wl 
showing the load-line on the sketches of the single and partial-awnii 
deck vessels, left it off the "Turret" The top of the after-rail of 
"Turret" was 10^ feet out of the water. In the comparison shi] 
was 12 feet in one case and 13 feet 6 inches in the other. He (1 
Thompson) argued that, if the *' Turret " was as dry as they said, 
must be very full at both ends, at and below the water-line, because, be^ 
without sheer and said to be dry, this could only be got by filling lines 
and reducing speed. In the sketches Mr. Kendall had given thei 
the single-deck and partial-deck vessels, he had given the vessels t' 
masts. They did not require more than two. They could, there" 
dispense with one mast, because, with the masts placed between th^ 
hatches, viz., at the forward and aft part of the ship, they got all 
derrick arrangement they wanted. The cabin was placed amidsij 
which seemed to hira to be the most profitable part of the ship. TL 
wanted moving right aft to the stern, and they would get by this alter 
tion the main hatch mucli further aft, and it would practically trf 
ri2:ht up to tlie stokehold bulkhead, and the No. 3 hatch could be plac( 
to trim right up to the engine room bulkhead. The trimming of tl^ 
turret aft of No. 2 and forward of No. 3 holds seemed to be excessive^ 
further, they could not iret a decent bunker hatch into the partial " 
awning-deck comparison ship as per plan. He showed four boats on the 
awning-deck vessel and only three on the turret ; they should fit them 
with four, as they might have to get out on the side where there was 
only one boat, which would be awkward. The cabin amidships, hood 
aft, and the three masts introduced were of no practical use, because they 
were only adding weight to the ships, and the consequent arrangements 
were more costly to build, and, as pointed out, affected the loading and 
bunkering arrangements. The number of well-deck ships afloat, and the 
small number of losses, had pr«.>ved sufficiently that this type of ship had 
been a safe ship, safe to carry all kinds of cargo, and fitted for all trades 
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^^d all weathers. He had to say, in conclusion, that he did not see how 
^*^G turret, or any other type of vessel, with a coefficient of '795, could 
^ ^ sea-kindly as vessels with a coefficient of "75 or -76. 

lilr. George N. Arnison, Jun., considered Mr. Kendall was to be 

^^^Xiplimented upon the elaborate manner in which he had prepared his 

P^ Jier descriptive of the turret type of vessel. He had not by any means 

^'^ Pirated the advantages derived by this important departure in the 

igning of cargo steamers. In fact, in one or two points at least, he 

understated the improvement obtained, and this was specially noiice- 

^t>l^ in regard to the strength of the vessel as a structure. In 

lie A, page 223, the bending moments were assumed to be alike for 

the turret-deck and part-awning-deck vessel, viz., as equal to 

— ^^2 =s 44,500. Now, whereas this might be a fair 



nuiption under average circumstances for the latter vessel, it was not 

for the turret vessel. Mr. Kendall partially conceded this, for he 

id, "As a general rule a redaction would also be obtained in the 

l>^nding moment of the turret vessel when subject to hogging strains, 

^tn'ough the vessel not being so heavily weighted with cargo at the ends ; 

t>ixti in carrying heavy deadweight cargoes this advantage would dis- 

^X>pear to a certain extent, so that the bending moment has been 

^ssximed to be the same in each case." It was true to some extent there 

"^otild be the variation he spoke of, but allowing for this, still he (Mr. 

^^-^^ison) considered the strength of the turret vessel was under- 

^^imated, inasmuch as the bending moments for that vessel were 

^"^erstated. The absence of sheer in the tuiret vessel ensured, under all 

^^cumatances, a reduced bending moment, for, in the first instance, there 

^'^considerably less weight of material in the construction of the ends of 

^ue turret vessel as compared with any ordinary vessel ; and secondly, 

ttere was not the stowage space in the ends of the turret vessel that there 

^as in vessels with sheer, so that there was with a fully laden turret vessel 

3 still greater reduction in the bending moments. Instead of these 

being equal to -^-^^ — they would be, in his opinion, near to -^^— - — ,if 

not even less. Let them then see what under such circumstances would 

be the relative strain on the gunwale in tons, which after all was the 

most important item in ordinary comparisons of the strength of vessels. 

M 
CalcnliitiDg from the data in Table A that R = — where M = the 
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iding moments, B = the moments of resistance, and s = strain ii 

44 500 
IS per square inch of section, they had !^.q = 6,188. Now, 

med bending moments according to — 

L X D 297 X 5,280 ^. ^-^ 
-^ = 45— = ^^'^^^- 

Substituting these figures for 44,500, they had — 
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M 34,518 - ^a ^ . . 

= =r> = -^^s = ^'62 ^^^ P^r square inch, 



SO that inst^d of the turret vessel having 10 per cent, less strain on tie 
square inch of section at the gunwale it had nearly 80 p^ cent. len. 
It had been stated during the discussion that evening that the tniret 
vessel was only a single-decked vessel with Price's patent hatchea, but 
such a statement was very misleading. Price's or other hatches were 
not continuous all fore and aft, whereas the turret sides formed an 
integral and unbroken part of the structure, and were very important^ 
not only from the additional structural strength thereby obtained, dne 
to the enormous area of material at the most crucial part of tiie bnO, 
viz., in the upper works at amidships, but also from the &ct ihat the 
turret provided abundant feeding arrangements for bulk cai^oeSy liaUe 
to settle and shift. An important feature in the structural detaflg of 
this new type of vessel had only been partially alluded to, viz., the fadd 
stanchions. Instead of these being round pillars they were of dooUe 
channels, forming a Z^Z section. They were not merely inefiBcienfc 
struts like round pillars, but were veritable struts and also ties oonnectiiig 
the bottom of the vessel and the upper works, or, viewing the veaael at 
a girder, the upper and lower flanges. Instead of having small faet 
they were substantially connected by means of brackets to the tank top 
and to the beams, the sectional area of rivet connection being nearly 
^\e times as great as the sectional area securing the ordinary hold 
stanchions, while, owing to the rivets being shorter, they were more likely 
to be efficient. 




T*^. 




3^ 






Mr. RoiiERT Thompson said there was one thing he had omitted to 
say in regard to the boats. He had seen the lowering arrangement, and 
he thought the Messrs. Doxford were to be complimented upon the 
improvement made, whether applied to the ordinary ship or the turret 
ship. He thought it preferable to the present form of davit, and they 
could be put into the ordinary ship. 
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^^•*^* Gbavell (Vice-President) wished simply to direct attention 
m ^Qt ^j^j. j£ ^Q bulwarks had been removed they would have had 
^^^^ screen put upon the bridges for defending local places where 
^™Slit be exposed to spray and gales of wind. 

^* A. McGlashan said he had read the paper on the turret type 
. STeat interest. Papers of this kind, containing an amount of 
Nation on new and experimental ships or anything else of an experi- 
*^I character, in which a good deal of enterprise had been displayed, 
^, ^'^t to be, and, he believed, were, very highly welcomed. On studying 
^r- ^perone felt that all the points that could be brought out in favour 
^t ^ *^^ new type of vessel had been pretty well set forth, and points 
L^ ^il it might be expected would be rather adversely criticised had also 
^ dealt with, and it had been shown to the satisfaction of some, 
^Hps, that supposed disadvantages were real advantages when viewed 
^ proper light. He might say he was much struck with the remarks 
^^ that evening by the managing owner of some of the turret vessels 
^^"I'ed to in the paper ; they helped the members of the Institution 
" ^^^esut to discuss the subject in a more favourable way than they could 
"^^^ done had they not heard the facts of the performances of these 
^^^^^Is spoken to by one who knew them. In the paper there had been 
^^^^parisons made which were disadvantageous to the other types brought 
^^^iigfiide of the turret type. Something of this might even be seen by 
^^^ reference in the paper to the other vessels as " ordinary tramps," 
"^txile the new vessel is described as "the turret vessel" — a small matter, 
^T^Viaps. Formerly they knew the vessels spoken of as ordinary tramps, 
^^^ they had described to them what he supposed would be the 
^'extraordinary tramps." The peculiar and distinguishing features of 
the new vessel were, of course, the rounded gunwale, the narrowed deck, 
a»d the absence of sheer. He had not seen one of the vessels, but had 
s/DQply studied drawings and descriptions of them. Considerable advan- 
tages were claimed foi* these departures from the ordinary practice, 
aO<i apparently experience had so far fulfilled much that was expected 
of them. The rounded gunwale was an old plan that had been discarded 
because it was found not to answer well, and vessels without sheer had 
been tried at intervals, but had not been popular. The height of 
navigating platform, 10 feet or 11 feet, was fully equalled in the 
ordinary single-deck ship, the bridge of which was higher above water ; 
and the forward part of the single-deck ship was also higher than any 
oorresponding part in the turret vessel. He pointed out this as counter- 
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acting some of the favourable comparisons made for the turret shi 
He was sure the turret ship had had every justice done to her, and a fe 
points brought out in contradistinction would not be taken amiss. The 
were assured that the strength of the vessel was equal to, or greater th 
that of the vessels with which she was compared. That might be, but 
thought time would show that more webs would be required in t 
turret vessel than were shown on the plans. The continuous structu 
of the turret sides and the harbour-deck was no doubt excellent ; but t' 
same material and the same continuity would probably be just as eflScie; 
if the sides were carried up and the deck extended out to something 
a square gunwale, as in an ordinary vessel. Of course they were told t 
to do so would leave too much of the sides unsupported, but that co" ^ 
be compensated for. Certainly without more ties than were shown in a^i^^ 
of the sketches before them, between the two sides of the vessel, tHl^B 
were at once led to the conclusion that there was either too much asMi 
for in ordinary vessels or too little provided in the turrets, and iMiizzzz 
further experience would no doubt bring out. In the matter of stabilB- / 
the diagrams accompanying the paper struck one with the idea that •>!! h 
were scientific curiosities rather than of practical value. When ve 
got very much off the upright, it was very uncertain how they wo 
behave, because of water entering by various openings, and also arti 
of weight shifting. They had no experience of vessels being tri 
at the extreme inclinations shown. He thought it must be at o 
admitted, that the fact of the turret ship being so quickly cut aw^ 
above the water left her with less righting power than a vessel with 
square gunwale and the bridge enclosed at both ends. A wood cargCJ^ ^ 
such as had been spoken of in the discussion, well lashed on th ^ 
harbour-deck, would probably add to the stability. In the mattei"^ 
of tonnage they were assured in one part of the paper that it wa^ -^ 
impossible on a small net register to get a large measurement capacity ^ 
Well, in Table A, the turret ship is stated to have a capacity for bullJ 
cargoes of 180,200 cubic feet, with a net tonnage of 1,:576 tons 
while the single-deck ship alongside is credited with a capacity for bull- 
cargoes of only 175,220 cubic feet, and at the same time is said to hav( 
a net register of 1,495 tons. What he would say in regard to that wa 
either a good deal had been left out in computing the capacity of tl 
single-deck ship, perhaps some bunkers or other closed in space w 
omitted, or else the measurements of tonnage and internal capacity h 
not l)een taken under the siime conditions, apart, of coui*se, from f 
(luestion of t)'})e. Oi course, it would be easy to reduce the tonn 
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^n the single-deck vessel by placing the crew down in a sunk forecastle. 
doming to the matter of scantlings, the single-deck ship given for com- 
parison was not snch as were being built now. He thought that would 
Account for a great deal of the difference in weight and results generally ; 
^^d one might be allowed to say, in conclusion, that if the facts relating 
^ fche different vessels were correctly stated in the paper and the com- 
parison as fair as could be made, there was either something wrong in 
^^e method of applying the tonnage measurements between one type 
^^d another, or some difference in computing the internal capacities ; 
^nd probably the assigning of freeboards required to be closely looked 
^^to. The scantlings in relation to transverse strength as already 
^^dicated might, to his mind, be reconsidered with advantage. He 
^Qonght the new type should be viewed with favour in some respects, 
^P^ially in having a continuous structure in the upper part ; but he 
''bought the fact of having a narrow deck to get about on, either in 
^arbour or at sea, and notwithstanding the assurance they had had 
^* boats being easily got out, was against it. He thought they would 
P*"efer square sides and the decks carried out, at least in way of the 
^^^ts^ so that in emergency there might be some chance for men to get 
^ the boats. He spoke not so much in antagonism to the new type 
^n the way of extending comparison with the other types. 

Air. F. Yeoman said he did not wish to underrate the turret ship. 

^ke Mr. McGlashan, he would welcome any improvement; but he 

^*^c>nght he gauged from the paper and from the remarks of Capt. 

^^rsen that the principal thing aimed at in the building of this ship 

^^ how much she would carry on how small a registered tonnage. In 

^^ case of both shipbuilder and shipowner the aim was alike to-day, and 

^^ had long prevailed. Arising thereout he was thrown back to a 

^^"^sideration of where they had come from upon this phase of the 

^'ubject. Capt. Petersen laid great stress upon the ^'commercial points," 

^^4 with him, naturally, as a shipowner, it was commercial points from 

^imung to end, and these were what the steamship builder had got to 

sat^y. He could not help remembering that in years gone by they 

bad had other types of ships in which they then thought they had both 

power and safety. They would remember between 1870 and 1880 the 

iiW)w type of ship, and she had "commercial points." The small 

irell-decked ship that preceded her was persecuted, and so the naval 

^rcbitect, from a commercial standpoint, built the narrow double-decked 

tjue of ship. They had since had to lament the loss of many such a 
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fifleer was that he thought any sailor with an eye for a ship liked a bit of 
fioeer, and he hoped the day was far distant when they would have 
straight ships without sheer. In regard to the purchasing of the older 
vessels by the foreigners, he might mention that three local steamers had 
recently been sold in fourteen days, and at that rate therefore it would 
^^ij take seventeen months to get rid of a fleet of one hundred such 
^^y-o\i9Tied vessels. He held that if the same consideration was 
own the older type of vessel, and concessions made by the British 
norities, they would still live, and be a credit to all concerned. 

*• G. D. DoxFORD, on being called upon, said to the President that 
^oul^ hardly be able to reply to all the criticisms in ten minutes. 

"^^^ B^OTHBRGILL — It lies with the reader of the paper to reply to the 
dificufision. 

■^^« t)oxFORD explained that he should rather have said " Unable to 
c V* in the various points raised against the turrets." 

^*^^ PaESiDENT afiked Mr. Doxford to go on. 

^^» DoxPORD, proceeding, remarked that he felt when he came into 
the hall that he was entering into the very heart of the opposition to the 
turret vessels. There was no doubt that Hartlepool was the place of the 
ireU-deck and the partial-awning-deck vessels. They had proved admir- 
able vessels, but from the criticisms made upon Mr. Kendall's paper 
various points had arisen in regard to the turret type that he thought he 
tr^fi entitled to review. One of the great points raised against these 
vessels was the want of sheer. Now, it was a matter entirely of prefer- 
ence whether they put sheer or not. He (Mr. Doxford) certainly pre- 
fetred them without sheer. They could get the necessary height of 
platform without it, and therefore it was quite unnecessary. He would 
like to dispel the illusions which appeared to exist regarding the height 
of the turret vessels above water, especially as described by Capt. 
Nicholson at the last meeting, and to do this he would show them a 
diagram of the *' Turret Bay" and " Manar " (see Plate LXV). He hoped 
thej could all see the diagram ; he (Mr. Doxford) had made it on the 
basis of Capt. Nicholson's remarks, and from information taken from 
LloydCs Register. 



258 DISCUSSION — TUKRET-DECK CABOO STEiMEfiS. 

Capt. NiCHOLHOK — The veeael waa not mentioned or touched npo^cr 
and he thoaght any comparison most unfair. He protesLod against M . M 
Doxford touching upon a vesael not mentioned. 

The President — Let ua hear Mr. Doxford. 

Capt. Nicholson — In all faimesa he must ask him not to disc^^ 
a Teasel not brought forward. 

Mr. Doxford said he thought Capt. Nicholson was au proud uf his vtL_it 
that be would have been pleased ti3 set! her alongside of a turret. H«zi^m 
ever, in deference to Capt. Nicholson, he would remove the name, and «z* 
diagram then represented a partial -awning-deck vessel, particulars of wtii_^ 
arc recoi-ded in Lloyd's, and which information is public proper^ 
He felt extrt-mely obliged to Mr. Thompson for the coiiiplimenta^ -* 
remarks be had made. His criticism was given in al! fairncas. And. ^^ 
Mr. Thompson said, "they wanted to find the weak points and maiv 
them." Well, he did not think Mr. Thompson bad found one in tli^ 
turrets. Bat ho would point out and "mark" the weak points in tht^ 
partrial-awning-decker. There they are (pointing to the two breaks in the * 
deck-line on the diagram). Now, why design a vessel with these weak 
points, and then go and stick on patches to make it up ? Surely it wonld 
be better to build their bridge straight away and nsoid these wcaknessca. 
One of the important questions raised, and which appeared to exercise 
the critics, whs this question of tonnage. Everybody bummed and hawed 
about it ; some said there was nothing in it ; but everybody feiicad round 
the question. There must be something, or everybody would not get bo 
much annoyed. 

Mr. SivBWBiGHT — Ton have reduced the tonn^e. 

Mr. Doxford — They had not reduced the tonnage. They bad left 

the tonnage alone and increased the commercial efficiency of the Teasel. 
In this case of the partial-awning-decker, with all due respect to Mr. 
Nicholson, he would leave the name out. 

Capt. Nicholson — That did not at all represent the vessel. 

Mr. DoxFOBD — Yes, it did. He would take the figures directly. 
Here was a partial -awning-decker. 

Mr. SivEWUiGHT — Not a Hartlepool partial -a wuiug -decker. 



^ 
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Mr. DoxpoRD — No. The Hartlepools deny their offspring. If there 

had been no question made of the name she might not have been a 

Hartlepool type but a Tyne type. She was a partial-awning-decker, 

however, such as any builder could build, laden with all her weaknesses. 

Slie was a vessel given in Lloyd's as having a freeboard of 8 feet 7 inches 

^^easured to the partial-awning-deck. That, first of all, was a bit of a 

fallacy, for it dropped suddenly there (pointing to the break), and they 

'^ould say she had 7 feet sheer at the fore end, and they would say 1 2 

inches round of beam. If they added these together it was equal to 

^oout 16 feet 7 inches above water at the stem, as shown by the dotted 

^^^j against, it was said, 4 feet 8J inches in the " Turret Bay." Now, 

^hat were the facts regarding the height of the turrets ? The assigned 

freeboard amidships of the " Turret Bay " was 10 feet 6| inches. The 

^^ssel had no sheer, but had a top-gallant forecastle 7 feet high. There- 

^^re the height at the fore end of the vessel was 17 feet 6| inches, against 

^^e partial-awning-decker's 16 feet 7 inches, and as she was a deeper 

loading vessel — loading to a draught of 20 feet 10 inches, against the 

Turret Bay's" 19 feet 8^ inches—it was clear that she had a worse 

'^'^gating platform than the "Turret Bay," and this was illustrated 

^y the "objectionable" diagram. Then there was a very important 

vtvfiinuation made about the question of classing with Lloyd's. Reference 

"^^ made, in the list Mr. Kendall gave, of the vessels classed in Veritas. 

^t should be also in the British Corporation, and one vessel was classed 

^n Lloyd's. The question was asked, " What was the difference in the 

scautliDgs ? " Now, he dared say, some of them would be surprised, but 

anyone might call and see the figures. The " Bencliffe " and " Turret 

Bay," sister vessels, had a difference of 19 tons, and 15 tons of this lay 

in the " Bencliffe " having an iron centre bulkhead, which was a special 

arrangement in that vessel, leaving a margin of about 4 tons for Lloyd's 

rules, and those 4 tons were entirely thrown away in vertical web 

frames, which simply obstructed the stowage of cargo and were quite 

unnecessary. 

Mr. SiVEWRiGHT. —Had they the same freeboard ? 

Mr. DoxFORD — The same freeboard. There was no question of the 
freeboard. It had been arranged between the authorities ; they had all 
met and agreed upon what was the correct system for freeboard for the 
sbipB. Capt. Watson's remarks regarding the vessel's evident desire, as 
shown by the diagram, to sit at about 30 degs. inclination either side 
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were pure cbaflF or ignorance. " Thirty degrees of inclination!" Anybo^- ^y 

that knew anything about a stability curve knew that that was not t -]^^ 

reading of Mr. Kendairs diagram. He hoped Capt. Watson kne 

little more about stability than that. Given two vessels with the ssl. 

form under water, and the same centre of gravity, and the stability wo 

be the same, and the undcr-water portion of the turrets was the sam 

ordinary vessels. Really it was astonishing to him that the g 

majority of these criticisms had resolved themselves into a lot of c 

Mr. Sivewright made a point about putting the engines amidships 

improving the design. Now, they had not changed the engine amid& 

to improve the design, nor had they lowered the working capacity of 

vessel by doing so. The measurement capacity of the vessel with engi 

aft and engines amidships was the same — it was a matter of pure cho. 

for the owner. The stowage was, of coui*se, best with engines aft. 

the vessel was for voyages up to say twelve or fourteen days they 

the engines aft, if they were going to exceed that they put them ami ^ 

ships. Judging Mr. Sivewright from the sketch he had made, b^ 

seemed to be awfully down upon these ships, but he was far astray whe 

he said they were simply single-deck vessels with Price's patent hatch^^ 

way. What he looked upon as Price's patent hatchway was, in thear 

vessels, the main structure, and carried the main sheer and stringer aP 

the upper part, and the hatches were above that again. It had alac-^*^^ ^^ 

been pointed out that the rounded gunwale would not do, and no doubtS^ "^:^ ^ 

a round gunwale to a flat deck would not do, but they had built up the^^' ^^e 

main structure of the vessel inboard to return the waves as they cam' 

on, and the deck was above this and kept free from all heavy water, and^ 

this w'dii not fancy but fact, and proved by the working of the vessels. 

Tlic question of costs had also been touched upon by Mr. Sivewright. 

lie was not iroiug to tell them much about that, they were quite satisfied 

with it. ]\lr. Thompson had mentioned the two masts instead of three. 

To-day the lirst object of a mast was to serve as a crane post to work the 

derricks. And if they only required two, do not put three. They could 

get all necessary sail on without making them as high as they used to be. 

They had never said these were the only ships they could do that 

with, and he was gratified to see other builders were adopting the 

idea. 



Mr. Thompson — What he complained of was the comparison made 

with tliem. 
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^' t)oxpoRD next referred to Mr. Thompson's remarks re horse- 
power atxd speed. Mr. Kendall evidently took the horse-power from 
the K^giEter ; given the same dimensions and coefficient the horse-power 
^o\iiQ D^ |.jjg g^^j^ ^ jj^ j^y other vessel. There were sundry odds and 

mm the criticisms of the plans, such as that there were only three 

^^^ s^own— that really must be Mr. Kendall's fault, but it had nothing 
to ii . 

^^ ^th the type. Mr. McGlashan referred to the want of ties 

/^ !^^^ to the harbour-deck). In this case he would like to draw 

^ attention to an important feature of comparison, as to the strength 

*'he vessels in way of wide space beams or hatches. The section of 

^ ^rtal in the ordinary vessel was thus, and gave a very inefficient 

^^ ^^^r against lateral straining, as the neutral axis was close to the side 

^j ^he vessel, and caused excessive strains on hatch openings. But in 

^» turret the section of material was not- only heavier but placed so that 

^^ tieutral axis was about midway between the side and the hatch, giving 

^flScient girder against lateral strains from either side, and would allow 

^^nch wider spaced beams and larger hatches than they could afford 

g^o to in ordinary vessels. The question of spare buoyancy had been 

^^oted upon by more than one speaker. He thought this had been 

^^^t; by what had been already said and by the diagram, although on 

^^^ fbrward shoulders of the turrets there was no doubt less buoyancy 

^^^^un on a partial-awning-decker; but the turret had considerably more 

^^^'^n the flush-deck types, and they had been proved to have plenty. 



^ luad a great deal of correspondence from all the vessels of the turret 
^"^p^ now afloat, and he proposed to give them extracts of letters from 
^^*^li of the ships to show what they were really doing. Mr. Doxford 
^^» proceeding to read from the letters, when 

Mr. FoTHERQiLL proposed that, instead of Mr. Doxford being hurried 
through, he should continue the discussion at the next meeting. 

The President and Mr. Doxford agreed to the adjournment of the 
(//scussion. 

Mr. Watson wished to explain to Mr. Doxford that he made no 
insinuation. He simply referred to what was in the paper, and asked a 
question with regard to Lloyd's. 







ESTRACTB FROM LbTTBRB ALLUDED TO BY Mb. C. D. DoXFORD. 

In a letter dated Aogiiat 18t,b. 1894, Capt. Taylor, of the S.S. 
'■ Turret," writes :— 

I have BOW been ■" the "Turret" siiico .liiriiiarj, 1H93, ttid have Hijierienecd tame 
vvr; heavy gales wlien she has lieeii deep loaded, and 1 must say lier behaviour ir>s 
wonderful. The geai do not aeeta to eucumber ber «« tbe; do an ardiaory tjpe ot 
voMol, I bsTc Been her in very severe wcatber when it verj- higb ana was abeam, and 
lodkinir at thero you would think thej ware going to awee]) her fnre and aft. Sh* 
simpl; rises bodily to them, flooding the lower decks, and they then (all again. When 
the teas strike the lower deck or turret side they rebonud and tbc lower deck ii 
instantly cleared of water. 

Wth the sea on the bowa she simply ships water on the lower docks nbrea«t tb« 
oabina, and with tbe sea ahead or aft she ships water ou the lower decks in large 
quantities, but the least motion of the vessel clears them instantly, and when steiuiiing 
it^ainnt n very heavy higb lieod sea we tj^k no water over the turret-deck at &11. 

Dnring all my experience in all waathers with her I have never aeen a true eat 
tliipped on tbs turret-deck, 

Capt. Danielson, of the 8.8. " Turret Age," writing on October 26th, 
1894, Biiys: — 

I h»vc more coiifldence tbau ever in the turrets as safe and good ica-bo»tg. ) m»y 
mentiou that we have not onee Iiad any ivatcr in the tnrret-deck, except spray djing 
over the hood when going into a bond tea. 

Capt. Klitgaard, of the 8.8, "Turret Bay," writiug in Jane, 1891, 
says: — 

I was never In a better ship than this ns a aeft-lKst. 

Capt. Donovan, of the 8,8. " Bcncliffe," writing to McHBr*. Horsley & 
Son, hiB owners, in Judb, 1894, Bays; — 

Sbc is very handy, and behaves well at sea. We never bod the hatches battened 
down either fore or oft. She ivlls very steadily. We have not had a heavy galo, but 
ne have had some bad weather, and at times very heavy seas. She takes no wat«r on 
the turret-deck. She does not seem to stop agunst a head sea as ordiuarj- vesacls do. 
niid slic steams very well. 

Capt, Boyd, of the S.S. "Turret Bell," writing in March, 1895, from 
Lna Pahnas, Siijs:— 

Coming from the Plate wo struek a strong breeze and heavy head seas, but the 
vessel beliHvcd gallantly, taking no seas aboard, but lots of spray. We have bad a 
roufrb passage, and have liod to steam against strong head winds and seas the whole 
niij Srum tile Plate. 
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NORTH-EAST COAST INSTITUTION OF ENGINEERS 

AND SHIPBUILDERS. 



Eleventh Session, 1894-95. 



PROCEEDINGS. 



EIGHTH GENERAL MEETING OF THE SESSION, HELD IN THE 
LECTURE HALL OF THE SUNDERLAND LITERARY SOCIETY. 
SUNDERLAND, ON WEDNESDAY EVENING, APRIL 24th, 1895. 



ROBERT THOMPSON, Esq., J.P., Past-Pbesident, in thb Chair. 



The Secretary read the minutes of the last General Meeting, held 
at West Hartlepool, on April 6th, 1895, which were approved by the 
members present, and signed by the Past-President. 

The Past-President took occasion to explain the regrettable absence 
of the President on account of illness in his family. 



The discuEsion on Mr. S. 0. Kendall's paper on " Turret-Deck Carpo 
Steamers " waa resnmed and again adjourned. 

Mr. 0. H. BAiTiEe read a paper on " The Metric System of Weights 
and Measures : a Plea for ite Adoption In the United Kingdom." 



^ 



^ 
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ADJOURNED DISCUSSION ON ME. S. 0. KENDALL'S PAPEE 
ON "TUREET-DECK CAEGO STEAMEES." 

Mr. C. D. DoxFORD said those who were present at the Hartlepool 
meeting would remember the point at which this discussion was adjourned, 
and most of them would remember why the name was taken oflF the 
diagram of the partial-awning-deck vessel. He might as well explain the 
reason, perhaps, to those who were not at Hartlepool. The name of the 
vessel was given to show that the dotted lines were representing an actual 
steamer, not an imaginary one — a vessel which they could take as a 
typical partial-awning-decker — a vessel which had been set in competition 
with those they were now building. However, the owner of the vessel 
(Capt. Nicholson), who was, perhaps, their most severe critic, objected to its 
appearing. The name of the vessel was not mentioned by him, therefore 
it was now nameless, but still a partial-awning-decker. The point he 
wished to press upon the meeting was that the dotted line (see Plate LXV.) 
showed a partial-awning-decker recently built, with which they were per- 
fectly entitled to compare the turret vessels, and it was put up to show that 
the height of the platform — the great crime of the turrets — was actually 
greater in the fore end of the vessel than the partial-awning-decker. They 
were slightly deficient here, but elsewhere were in excess. It was 
also necessary to have a name to this vessel, because he wished to work 
out the particulars, and compare them with a turret vessel they had built 
of almost the same dimensions. The comparisons and particulars he 
woald give further on. There was a good deal of criticism upon various 
small items which, he confessed, they could ignore ; the great question 
seemed to lie in the capacity. They seemed to be charged that they 
could only build these vessels as deadweight boats, and could not make 
them measurement vessels. They first had Capt. Watson, who said that 
they had sacrificed everything — capacity, sheer, appearance, everything — 
in order to get a low net register. Now, that was a thing they had not 
done. Mr. Sivewright referred to the subject of the small net register, 
and said this could easily be done when they simply wanted a deadweight 
boat. He referred to Mr. Kendall's figures, and pointed out that the 
turret vessel only averaged 124 cubic feet per net register, whereas 
he (Mr. Sivewright) of Hartlepool had built vessels of 130 cubic 
feet, with the marvellous amount of 268 tons bunkers. Now, he 
(Mr. Doxford) had no doubt that 130 cubic feet was inclusive of the 
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peaks and every available space in which they could possibly put car-^^^^^' 
Then Mr. McGlashan referred to the same question, and pointed out t>lr::=^=^^^^ 
probably Mr. Kendall, in his particulars of the partial-awning-deck stii^ 
had forgotten to measure in the peaks. Well, he (Mr. Doxford) 
the particulars of the turret vessels did not include the peaks, but sim 
the holds actually and always used for cargo. Then Capt. Nicholso: 
at the first meeting, speaking of the capacity, remarked that the ship wi 
a thorough waster, that it had no capacity at all, and that they could nC^^ 
get her down to the load-Une with a coal cargo. Mr. Yeoman, they a^ 
knew as a most experienced shipowner, pointed out that well-dec" 
vessels had actually been sold away from the English flag because thr 
freeboard had been increased, reducing the deadweight, but not affecting 
the capacity at all, but increasing the measurement capacity in regard 
the deadweight to be carried, and yet those vessels had been sold awa; 
from the flag, three ships a fortnight, and that in seventeen months 
now they would not have a well-deck vessel in England. Why£ 
Because they were no longer deadweight boats. Here, on the one hand 
they had gentlemen claiming that the turret vessels were no use becai 
they were purely deadweight boats, while, on the other hand, they had 





experienced shipowner complaining that a certain type of vessel had ^ ""^^ ^^^ 
to be sold from the English flag because she was no longer a deadweights 
vessel but a measurement vessel. He regretted he had to speak so full] 
upon this question of the measurement, but it was, in his view, ttn 
most important subject with which he had to deal. There had certainly 
been too much taken for granted on this question of the turret shipB 
being deadweight vessels. The vessels they had turned out so far had 
been deliberately designed with quantities of about 50 or 51 cubic feet 
per ton deadweight cargo, simply for the reason that the owners were 
satisfied with that, and that it would meet the general requirements of 
ordiuary trade. If they put in a capacity of 55 or 60 cubic feet, then the 
vessel was handicapped if carrying a denser cargo ; and if they wanted a 
vessel to go into any trade, clearly they should average out the require- 
ments, and he found their average ran to 50 and 51 cubic feet. 
However, if an owner was not satisfied with 50 cubic feet, there was not 
the slightest diiliculty in designing a turret vessel with 60 cubic feet to 
the ton deadweight. In connection with this point, he might say they 
had now in hand turret steamers which had a gi'ain capacity in the holds, 
without interfering with the peak, where they were not supposed to carry 
Ciirgo, of 57 cubic feet j)er ton deadweight in the holds clear, and that par- 
ticular vessel had 340 tons of bunkei*s against Mr. Sivewright's 268 tons, 'mk 
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^^ bale capacity was no less than 55*6 cubic feet per ton deadweight. He 
bought those figures compared very fevourably with what Mr. Sivewright 
^<i he could do with a partial-awning-deck ship. The point again came 
^ ^li the relation of the cubical contents of the vessel to the net register, 
'^^ there was no doubt that that was the basis of the commercial efficiency 
^ steamer. If they could increase their capacity without increasing 
*^^ir tonnage, and still avoid open deck erections, they had got a better ship. 
*^ the turret boats they had undoubtedly a bigger deadweight capacity than 
^^>>nld possibly be got in the ordinary types of similar dimension, and that 
^dicapped a vessel in getting measurements per ton deadweight. But 
^*^ly an increase of deadweight capacity was not a fault. The relation of 
^^ cubical contents for grain, excluding peaks — he wanted to be very 
^^^^'^icular upon that point, for so many people would include the peaks for 
r — was as follows: — The grain quantity was 135 cubic feet per 
net register, and the bale capacity 131 cubic feet to the ton net 
'ister against Mr. Sivewright's champion ship of 130 cubic feet grain 
*^"^^*^'"-j, including peaks. Then Capt. Nicholson referred to the same ques- 




* •^Ti, and said that the vessels would not load down with coal. It would be 
extraordinary ship that would not load coal cargo, unless they had got 
altogether different from the common. But against the imagination 
Capt. Nicholson they had recently, within the last few weeks, sent to 
three of those vessels from this district, loaded with coal and coke. 
the case of the 8,050 tons vessel she loaded 3,050 tons deadweight, and 
tons of this was coke, and yet the vessel was down to its load-line, 
the holds were not full. Now, then, they came to the actual com- 
n of the turret ship which had been sent to sea, and this nameless 
^pffifcirtial-awning-decker. Here they found the dimensions very similar — 
length of the partial-awning-decker, 293 feet ; turret, 297 feet ; the beam 
'^^a the same ; the depth of the partial-awning-decker was 22 J feet, and 
^^ the turret 24*1 feet. The gross register of the former 2,562 against 
^>2ll tons, and the net register 1,638 against their 1,375 tons. Now, 
^^ deadweight capacity, if the coefficient of both were the same, '792, 
would \^ 3,808 tons in the partial-awning-decker and 3,838 tons in the 
tnrpet. The load di*aught was shown to be, in the former, 20 feet 10 
inches against 19 feet 8^ inches in the turret. Taking the permanent 
tDflkers as being the same, 278 tons, they had the cargo in the partial- 
flwning^ecker as 3,530 tons against 3,560 tons in the turret. He 
ffljght say that the grain capacity of this wonderful partial-awning- 
deck ship, excluding peaks for comparison, was 191,810 cubic feet, 
tfiat of the turret 180,250 cubic feet. The cubic feet per net register 
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117*1 against 181*5 in the toiret, and the caUc feet per 
iTgo 54 against 50*6. A smaller capacity and larger 
hat was the point in the turret type everyone had got hold of 
.t seemed to be taken for granted that they oonld not do an; 
else. Now, they coiild ; but even taking tiioee particnlan as they 
the relation of the net roister was only 117 to their 181. If they 
that as the measurement of the commercial efficiency of the veBsel, 
thought their vessel must beat the other. Of course, he had haAL 
assume the coefficient of the partial-awning-deck ship, because he did 
know what coefficient she had. He did see, by reference to one of 
papers, that this very vessel instead of canying 8,800 tons was iqo: 
to carry 8,900 tons ; if that was the case, according to tiie ailment 
the capacities, she was a worse ship if she carried 8,900 than if she 
8,800 tons, but she was not any more than theirs when she carried 
weight. He hoped he had put this distinctly enough to dispossess e 
one's mind of the idea that they could not make a turret ship a oapifliV 
ship. They could make them 60 cubic fe^ to the ton, provided 
knew the owner wished it before the vessel was designed. Of course^ i^ 
she was laid down they could not change her into a capacity boat, 
next note he took was one which he approached with some delicacy, 
their critic was now sitting as their Chairman, but.it was a point he 
not allow to pass without challenge, because it was in that most infl 
paper, The SMppmg OautU^ and stood under the name of Mr. 
Thompson, of Sunderland. It was a point he had certainly felt veory 
Capt. Petersen happened to refer to the fittings of the vesseh, and 
that they had not sustained £10 worth of damage on deck. Hr. 
son said he supposed there was not £10 worth on the deck to damage ^i^ 
He had been taken to task for saying some of their critics had fallen intc7 
chaffing them. He thought that was a generous view to take, for if this 
waa not chaff it was something worse. Now, imagine a vessel with only 
£10 worth of stuff on deck, and that paragraph would be read by gentle- 
men all over the world, who would say : — " Why, here is a vessel built by 
Doxford, of Sunderland, and not £10 worth on the ship ! " 

Mr. FoTHERGiLL — They would not know much about a ship, then ! 

Mr. Doxford — He could assure them, if it was necessary to do so 
that these vessels went to sea with all the fittings on deck as usual in 
the ordinary vessel — all the winches, all the steam pipes, exhaust pipes, 
ventilators, ropes, derrick, and so forth ; the only difference was this. 
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^^y were very carefully placed, and did not obstruct the view very 

^^^oh. When they went on board the turret vessel there was not much 

^^ be seen, but everything was there. If Mr. Thompson or any other 

-^^ptuilder could show him how to put five winches, steam and exhaust 

^-^I^^s, ventilators, steam capstans, bollards, fairleads, wire reels, sky- 

^Slitis, castings, etc., on deck for £10, he would willingly begin his 

^I^I^i^nticeship again and give a very handsome sum for his inden- 

There was another matter touched upon by Mr. Thompson, that 

the special stiffening in the bottom of the vessel — these wonderful 

not built, according to Lloyd's rules, or supposed not to be — 



compensation in the way of the engines because in their 
nenoe they had broken bedplates" 

Ulr. Thompson — No, never. 

^r. DoxFORD (reading printed report)— Oh, he had heard of them. 

IMr. Thompson — Yes ; that's right. 

IMr. DoxPORD was very glad Mr. Thompson had not had that 

rience. He hoped nobody on the Wear had. They certainly had not. 

double bottom of the vessels were built in the ordinary way, with the 

floor on every frame, extending from the keelson to the tank side, 

double reverse bars under the engines and boilers, all as usual, and 

^^^^rt^inly, as far as he (Mr. Doxford) was aware, they never had any sign 

^^ shaking engines or broken bedplates. Then they had the question of 

vAxe boat gear. Capt. Nicholson fell foul of that, and Capt. Watson 

^^d it was simply impossible to put out the boats from these vessels at 

^^ and if their boats were out, he asked, how were they going to get into 

Uiem? No doubt, Capt. Watson would not have said what he did if 

i^^ had taken the trouble to go to Pallion and see the gear in operation, 

for he described it as having two keys to remove from the davits, two pins 

to remove from the chocks, and a whole lot of things, requiring four men. 

JJow, that was not the case. In the ordinary vessel they were thoroughly 

accustomed to the difficulty of getting the boats out, and a vessel five or 

six years old would defy anybody probably to get them out at all ; but 

taking a liberal view it would probably take all hands to have one of 

these boats slung out in a quarter of an hour. How were they to get 

into them in a rough sea ? They did not deal with that, but they must 

get into them down the falls or somehow. Now, in the gear they had 
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adopted to get the boats out of the ships, they could in the roughest 
launch one of these boats in two minutes with two men, for it ( 
required one man at each fall to retain the boat from running down, 
the officer in charge of the operation had only to take the keys €3"^ 
and the whole thing was lowered instantaneously. There was 
mechanism about it, it was worked by gravity ; as soon as they took 
keys out of the chocks and davits the weight of the boat was suspend^^ 
and they had the natural force of gravity to carry the whole outboaz-^^^ 
It could be allowed to run at full speed, but that would be much 
quickly to be safe. As far as the derrick was concerned, it would simp.^ 
stop when it came to the end of the suspension ropes. And then th^^^' 
had the experience of Capt. Petersen, who put them out in a rough sea. ^ 

Mr. MiDDLEMASS — There is one point occurs to me. If there is nr>^ 
difficulty in putting off, how about getting on to the ship ? 

Mr. DoxFORD said, that from the experience they had had, very muetC^ 
less difficulty than on an oi*dinary ship. They had had the experience o^^ 
a pilot when he went out to meet one of these vessels in the BritislC^ 
Channel in a heavy gale of wind. His statement was that if it had beeiC- 
an ordinary vessel he would not have boarded her. It was astonishing.^ 
the notion about this ship. There was one left Sunderland the previou-^^ 
day on a trial trip, and the prediction of some people was that those ot ^ 
board would have to go away with her. Why, they simply stepped ot: ^ 
from the deck to the tug. There was no difficulty — it was purel ^ 
iiniigiuary. He had to express his gratification to Mr. Kendall on tl:^^ 
success of his piper, and thanked them very much for the interest shown 
in the remarks which he had made. 

Mr. T. MiDDLEMASS said he had read Mr. Kendall's paper, and he 
also had the pleasure of hearing the discussion at Hartlepool, from which 
he gatheixid that the couipiirison between the part-awniug-decker and the 
turret had at the firet rciiding been well gone into, he would therefore 
only make one or two remarks before turning to the single-decked ship. 
With re.irard to Mr. Doxford's comparison of height of navigating plat- 
form. The sketch gave the part-awuing-decker a height forward of 
;U') feet as airainst a lieiirht to turrct-deck at the stem of 29 feet 9 inches 
Mr. Doxford, however, addeil the hood to this, giving a height of 8.*) 
fot't inclios. As navigating platforms there could, he thought, be 
no comparison K'tween the two. In the piirt-awuing-decker it was 
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^^I'QctuTally part of the ship, in the turret it was an open-ended hood, 

^^ if the sketch was accurate, not used as a navigating platform 

^ *H. The great camber of the top (considering its breadth) would 

^^> he thought, prevent its being used for a look-out. The paper 

^^ an allowance in the freeboard was made for this hood, which, one 

^^d think, must be very small. The profile showed the part-awning- 

^i as a wooden one. If this was so, he thought the assumed 

^^board was more favourable than would be assigned ; if, on the other 

^^d, the deck was, as usual, an iron one, the wood sheathing was 

^'^inly unnecessary, and was only adding to the light weight, and pro 

^*^^> deducting from the deadweight. There were other points which he 

''^^-^^Id not go into, merely remarking that the break of quarter-deck was 

^■^^^y in accordance with section 45 of Lloyd's present rules, and that a 

^*-^>^ mast was not required. He would now turn to the single-decker, 

'^'■-^-^ch he could deal with in more detail. To begin with, the type chosen 

^^*-*' a very poor one to compare with an up-to-date turret, for he did not 

there was one steamer of this particular type, erections, and of 

^^^^■^■aething like the same size, building on this coast, for no particular 

but to enter into competition in the open market with turrets and 

'•awning-deckers. It was thirteen years since the firm with which he 

^^^s connected built one of that type, and in that case it was for a 

P^^*^icular trade. The tables of different steamers built by Messrs. 

• L. Thompson & Sons, which the Past-President (Mr. R. Thompson) 

^'^'"V'e in connection with his inaugural address at the opening of the 

^^^•93 session, gave the last steamer of this type as built in 1882, 

^^d the largest of them only carried about 2,800 tons. But even 

^^^posii^ that type of steamer was being built, how had it been 

^^^ted in the plans and table given ? Take the section : it showed 

^ Moulding on the upper edge of the sheerstrake, which might 

"*^e been put on in 1882, but was not considered necessary now the 

ttt^t had no mouldings. Again, he saw none of the flanging of plates 

ot the use of large sections of iron, which evidently were used in the 

turret, and which, he took it, could be no infringement of any patent. 

Take another point : the frames in the turret were 6| inches deep and of 

bflib angle. In the single-decker they were composed of frame and reverse 

fnmej and were b\ inches wide : this gave the turret an advantage of 

i inches in the tonnage for the depth of side. It might, however, be said 

in this connection that the single-decker had a tank 2 inches deeper than 

the turret, which would counterbalance this. This he failed to sec. If 

the ship had to carry the extra weight which 2 inches on the depth of 
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tank would give, there should be an advantage somewhere, and why c^^^^^ 
in the tonnage ? He took it thej were comparing types of steamere, t^^^^^^ 
one steamer built with every advantage that the use of large sections 




iron, and every appliance for flanging and working heavy bars and plai 
and another steamer, such as a builder with only ordinary appliances a: 
plant would have turned out in the year 1880. If it was an advani 
to the turret to flange floors, stringers, etc., and to use large sections 
iron, put the single-decker on the same footing. They were compari 
types, not constructional details. Take the profile : the turret require*' 
two masts aft, and this disadvantage the single-decker, for no reason, w. 
saddled with. There was also a steering house aft, which, if necessary 
all, was 3 feet too long. These things struck him veiy forcibly, as C 
turret profile and section did not contain any unnecessary weight of 
kind. He would like to ask Mr. Kendall, in connection with the 
lings of the single-decker, whether the section had been approved 
Lloyd's, particularly the spacing of hold beams and web frames? ■ 
turn to Table A, page 223. The under-deck tonnage, was, he though 
too high, considering the rise of the cellular tanks towards the ends 
the ship. He then called attention to a drawing he had prepared c 
single- deck steamer, which he desired to compare with Mr. Ken< 
turret steamer. 

The Past-President here ruled Mr. Middlemass was hardly in oi 
in bringing this forward, and that there was not time to take up the 

desi^^u. 

Mr. J. R. FoTUERGiLL said the greater part of the criticism on 
Kendall's paper had been offered by shipbuilders, and much had 
said from what might be termed a scientific consideration of the feai 
which the turret type of steamer introduced. There was no doubi 
discussion had been valuable and interesting, but he ventured to 
there were features of consideration from a shipowner's standpoint 
he might with advantage refer to. When a shipowner decides to bu 
new steamer, and makes up his mind as to the deadweight tonna^^^^' 
approaches the shipbuilder as to costs, and retjuires the following info. 
tion for comparison as to the commercial value or earning power of 
vessel : — The cubic capacity measurement for case cargo, and the dran 
and registered tonnage for the deadweight carried, assuming the 8j)eed c 
consumption to be as usual. It was relative to these particulars that 
felt obliged to corroborate the opinion expressed by several speakei^s tl - 
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^- Kendall had not been at all happy in his selection of the particular 
^^niers given in comparison with the turret steamer. He had carefully 
§oixe into the question since their last meeting, and found that there was 
^ore than one steamer afloat which had cubic capacity measurement and 
Qraught for deadweight carried equal to the turret steamer, but the turret 
®^^^ed a decrease in registered tonnage. If Mr. Kendall had taken an 
^P^to-date partial-awning-deck steamer, the same as he had taken the 
^P^to-date turret, he would have found a very different result, and one 
^^t nearly so favourable to the turret. Undoubtedly the turret had a low 
'^S'ifitered tonnage, and although the great advantage of this was mostly 
^*t in trading through the Suez Canal, yet in other trades there was a 
®^^^^J1 saving which, particularly in these times, was not to be ignored. 
^^JXie few years s^go a strong feeling existed that it was desirable a steamer 
^*^^^nld have a high register tonnage, sa it offered considerable advantage 
^n a vessel was chartered by the register ton, but at the present day 
rers were wide-awake, and required to know the cubic capacity they 
^^'Qld get per ton register, and on that the freight was based, and there- 
there was no advantage to be gained by high register tonnage, and 
for an all-round general cargo steamer the lower the register tonnage 
deadweight carried the greater the economy. As to the sea-going 
lities of the turret type, he was of the opinion that, those who had had 
experience, and he might say that he was not without experience, 
t admit height of platform was a most important feature in the good 
qualities and comfort of a steamer. He could not agree with those 
o spoke of the turret-deck as the navigating deck. This steamer was 
fi-titied with a navigating bridge the same as all cargo steamers. The 
^^^^XTret-deck was what he might call the " working-deck," a safe height of 
platform that the crew could with comfort and ease get from one end to 
^t^e other in any weather. Was not that of vital importance ? It could 
^^t be always accomplished in the partial-awning-decker without con- 
siderable risk, coupled with a good wetting. He remembered speaking in 
^*^t same room some seven or eight years ago, when he predicted it was 
^^y a question of time before the well-deck would be filled in from fore- 
^^tle to bridge to obtain reduction in freeboard, and when that was 
^^^naplished they would have removed the " half -tide rock " from the 
^^t of the bridge to the after-deck. This was now an accomplished fact, 
^ those who had any experience of the modern partial-awning-decker 
^U knew ; in fact, in several steamers of this type, they had found it 
^^^^^88ary to run a plank gangway to the hatches for convenience in 
^**ing aft. Compare this with the height of platform the turret- 
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deck ^ve, nnd be thought the great advantage magt be patbti 
Comment had been insde that the turret-deck was so narrow 
"DBeleas as a working-deck. Of course it n-as much narrower t 
. deck of an ordinary Eteamer, bnt he wag afraid thoBe who had 
' juented had not had the advantage of inspecting these sCeamt 

tmij^ht Bay, by the courtesy of Mcbhts. Doxford, he had been priv 
fisaraine more than one of the turrets, and he certainty found am; 
for all requirements on the tarret-deck. Much had been said a' 
louud of side, and that it had been condemned years ago as a mi 
that it facilitated the takiug of water on board. He would ende 
show there was no comparison as to the round of side in an 
Bt«amer and that of the turret. He was not speaking from a ship 
consideration, but purely as a question of taking water on boai 
illustrate his point, Mr. Fothergill depicted by sketches on the bl; 
(see Figs. 1 and 2, Plate LXVI.) an ordinary steamer with i 
L side and a turret steamer, in both cases heeling over and ahippin 
r In the ordinary steamer it was plain as soon as the sea turned t 
of the aide it rushed across the deck with considerable 
frequently carrying everything before it, whereas in the turre 
carried up and thrown off by the formation of the turret, as ahov 
sketch. Ah to the general seaworthiness of the turret tj'pe, he a 
f flay that he felt sure those who heard Cspt. Petersen's manly and 
forward description of the voyage he made coald not do other 
believe the turret steamer to be as sound and safe a sea-boat as e' 
the ocean. There was another question he should like to see 
ventilated, and that was relative to alieer. As an engineer 1 
hesitated to place his opinion against the expressed ojiinic 
nautical gentlemen who had made such a point of slicer. 
appeared, if they had height of platform, it was equivale 
and he failed to see that sheer was other than height of 
bow mid stem, and certainly the turret ha<l this. He 
appearance that sheer gave to a ship possibly led to a misco' 
its value, bnt be would like to hear Mr. Kendall's opinioi 
one other valuable feature in the turret he would like to ref 
was the continuity from end to end of the upper st 
undoubtedly gave strength, and tied the whole stru 
effectively, particularly as compared with the partial-aw 
which type of ship thej had esperienced such frequent 
after-end of the bridge. He was not quite sure whetbei 
to the £10 damage, but he did not understand Mr. ' 
qnit« serious. 
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The Past-President said they were getting hold of the wrong idea, 
ssid he did not know there was £10 worth of stufiF on the deck to 
^e. He did not say that the total value of material on the deck 
w'^s only £10, but the material that could be damaged, from the fact 
had no bulwarks. It was the water getting behind the bulwarks 
<lid the damage. The damage done to loose things on deck would 
make up £10. 



•. FoTHERGiLL — After what Mr. Thompson had just stated, it did 
aofc sippear to him necessary to add more, but he was of the opinion the 
e3K:;^l ^nation rested entirely on the height of platform, design, and strength 
of st»xucture. In conclusion, he begged to thank Mr. Kendall for his 
v^ry able paper. 



The following communication was received from Mr. J. Greenhow : — 

I>jB.A.XL Mr. Duokitt, 

The importance of this interesting paper, introducing and presenting 

so xnany unique features, is calculated to draw comments from everyone 

c^oxtnected with the mercantile marine. It comes at a most opportune 

t.\xQe, 80 far as the shipowner and builder are concerned ; it presents the 

\oiig-looked-for silver lining to the darkened cloud of depression in 

«^pping ;• it threatens the extinction of that abortion, the progeny of 

^fle onc^ famous and never-to-be-forgotten well-decker, and in days gone 

•^J of t-times dubbed "a splendid dividend-earning machine." 

^^ goes without saying, in fact experience has already proved, that 
tflis ne-w type of ship is a phenomenal success, and as the divergence 
^OQi the well-beaten path of ship construction is so vast, infinite credit 
is due to the inventors of the system for the plucky and determined fight 
^hich. they have fought and won so handsomely, overcoming and 
^P^ttiixg prejudices almost insuperable to the initiated professional 
dupbaiider. 

^ professional shipbuilders and engineers, let us examine the types 
of alilpa put forward by Mr. Kendall, and we will find that the claims he 
pute forward for the turret type are not at all overdone, as usually is the 
cafift^y advertisers in vending their commodities. 

^t us proceed and examine the claims put forward by the author — 
clsdiM of advantages possessed by the turret type over and above the 
ordinary type of vessel. (See page 212.) 

* See remarks under heading of "Comparative Cost of Cargo Vessels.'" 



1. — A his;h navigation platform above water, eto. — Yes : ali he elaii 
here is fair and eqaitable ; tbe platform is higher amidships. 

2, — The turret erection ia an esceilent feeder, etc, — Yes ; it most be 
granted it is an excellent feeder, and this is a most important factor m 
fiir aa the safety of the ship is concerned, especially in carrying ^rain. 
Here ia a cane where it woald be superfluous to fit shifting boards. 

8. — The curved sides of turret erections, etc. -Yes ; we must allow 
the claims of Mr. Kendall here. 

4,— The shell -plating, etc. — Yes; this can be fairly claimed; it 
might he taken as one of the features of the structure. 

8, — There is no well or place in which large bodies of water can 
lodge, etc.— Quite true ; there is not. 

6. — By providing a high navigating platform, etc. — This is one of 
the peculiarities of the invention, dispensing with sheer ; this is covered 
by advantages claimed, marked Nob. 3, 4, and 7. 

7. — By increasing the depth of girder, etc. — There is an element of 
donbt in this claim, owing to the foiination of the cross section. 

8. — In the turret erection every part of the strocture, etc. — Yes ; 
, this claim may be allowed. (By the way, why have the inventors not 
raised the sides of the inner bottom, thereby gaining a further reduction 
of tonnage ?) The internal capacity of the vessel need not suffer, as liie 
centre might be depressed in the same proportion as the sides are raised. 

Proceeding to summarise the above claims, the following may be 
deduced : — 

Uasimnm strength of construction, 
„ deadweight, 

„ freeboard to navigating platform, 
„ range of atability, 
„ size of hatchways ; 
and 

Kioimum displacement, 



„ propelling power, 

„ cost of construction, 

„ „ working. 

What may we deduce from the above features of this new form of 
ship ? Simply that for deadweight cargoes, and for such cai^oee as will 
immerse the vessel to her approved load-line, she must be a vastly superior 
ship to the partial-awning-deck vessel, and also superior, but in a some- 
what lesser degree, to the single-deck ship. 



V 
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Ith reference to the author's remarks anent carrying deck cargoes 
otx 'title turret type, it must be admitted that a grave element of danger 
-^otxlti become involved.* 

Bere, for instance, is capital eaming-power for this new type of vessel. 
Oo^Vb from the United Kingdom to a Mediterranean port, then up the 
"D^^ube for maize for home ; then, again, for carrying coals to London 
fTOXsx Newcastle this new type is peculiarly well adapted. 

Strength of Structure, — This is an important feature considering the 

heavy cargoes now carried in one bottom. With due deference to the 

author's remarks anent this subject, I submit that it would not be difficult 

to raise the line of neutral axis in the one case, and lower it in the other ; 

but in any case one must admit that the turret type presents advantages, 

80 far as sagging strains are concerned, far and away superior to the 

partial-awning-deck type. Some builders of this last-mentioned type lay 

the keel blocks with 3 inch or 4 inch camber, so as to allow for sagging ; 

this reprehensible practice should not be allowed. If there is a want of 

rigidity in the structure when new age will not improve it. 

In the turret system it is true what Mr. Kendall claims, viz., greater 
depth of girder amidships, but the form of the cross section must be taken 
into consideration ; hence, if he could at some time verify his calculation 
by practical demonstration, say, by sighting the vessel before launching, 
then when afloat, and so on, and give us the results, it would be of the 
greatest possible value. 

lability. — Let us now consider this important feature. The diagrams 
are most interesting, and go to show that this new type of ship must 
possess, what many ships afloat cannot boast of, viz., a somewhat high 
metacentre. This is what one might expect, everything considered, 
2 feet 9 inches appears a most suitable 6.M. ; it should not be reduced 
to any appreciable extent, and for this reason deck cargoes should be 
avoided if the 6.M. is unfavourably affected. 

Comparative Cost of Cargo Vessels, — In conclusion, we will touch 
lightly on this subject, the most important point as far as the shipowner 
is concerned. Can the turret type of ship be produced as cheaply as the 
ordinary tramp ? Look at the cross section and profile, and the prac- 
tised eye of the practical shipbuilder will at once perceive that the plans, 
whilst indicating a simple method of construction, yet the simplicity is 
combiiied with splendid mechanical precision, rendering the workmanship 
easy to a d^ree ; therefore we may deduce (assuming the material being 
similar in weight to that in the ordinary type of ship) that the new type 

* See remarks under heading of stability. 
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possesses all the elements of favourable comparison of first cost ; hence to 
the wary sixty-fourther, here is a chance of returning to the palmy days 
of yore, when 30 per cent, dividends were expected and not considered 
extraordinary. 

Finally, these remarks are not made with a view of drawing investors 
into shipping ; my object being to show, so far as my experience and 
judgment goes, that this new type of vessel, from a mechanical point 
of view, is immeasurably superior for cargoes before-mentioned, and 
possessing commercial advantages over and above the ordinaiy type of 
ship without the shadow of a doubt. 

Yours faithfully, 

J. Greenhow. 



Mr. J. 6. Jordan thought Mr. Kendall should be commended for his 
paper, and the Messrs. Doxford congratulated upon the new type of ship 
introduced. The main objection he had to the paper was that the com- 
parison was restricted to one dimension of ship. There was a dimension 
which would show maximum ratios for any type of ship, and those who 
would take the trouble of referring to the tables produced by Mr. 
Thompson when President, and the figures he (Mr. Jordan) had the 
privilege of laying before the Institution afterwards, would find that the 
ratios varied with the different dimensions, and his point was that in this 
paper the comparison was restricted to one vessel, carrying about 3,800 
tons deadweight. If those comparisons had been carried through with 
larger ships the turret type would probably have approached nearer the 
results of the partial-awning, spar, and three-deck types as a deadweight 
carrier. If they took the " Royalist," one of the largest of the turrets 
yet built, which had been stated to be a 5,100 tons deadweight vessel, 
her ratio of net tonnage to deadweight was 2*52, while the turret ship 
dealt with by Mr. Kendall gave a ratio of 2*75. (He had since seen the 
deadweight of the *' Royalist " given as 5,200 tons ; this would give a 
ratio of 2 "57.) Now, as the dimensions of the types increased the ratios 
varied, and in this instance it is shown to be lowered. It is known that 
both spar and three-deck vessels have carried deadweight equalling two 
and a half times their net register tonnage. He thought these tvpes 
ought to have been compared with the turret type instead of the single- 
deck vessel. He thought the value of the paper would have been 
increased if ]\Ir. Kendall had carried his compai'isons further than he had 
(lone. As the dimensions of the turret-deck type increased they would 
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probably more nearly approach the deadweight capacities of the other 
types of ships. This was the experience with partial-awning, spar, and 
three-deck types. 

Capt. D. B. Mail asked Mr. Doxford if he understood him to say he 
could build a turret-deck cargo boat with a capacity of 60 cubic feet to 
the ton ? 

Mr. 0. D. DoxFORD — Yes ; with a capacity of 60 cubic feet in the 
hold for every ton deadweight she would carry. 

Capt. Mail said according to his experience, that was the measure- 
ment of Alexandria cotton seed, and he had never heard of or seen a cargo 
boat that would load her deadweight of it, or anything like her dead- 
weight of it. 

Col. EoBSON — Cotton seed is not deadweight ; for a ton deadweight 
of cotton seed they must take twice the quantity of coal. 

Capt. Mail said his question was — Did Mr. Doxford say he could 
build a turret-ship that would load down to her load-line with cargo 
measuring 60 cubic feet to the ton ? 

Mr. C. D. DoxFORD — Yes ; and he would be very pleased to take the 
gentleman's order. 

The discussion was again adjourned. 
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THE METRIC SYSTEM OF WEIGHTS AND MEASURES : A 
PLEA FOR ITS ADOPTION IN THE UNITED KINGDOM. 



By G. H. BAINES. 



[Rbas bbpobb thb Institution in Sundebland, on thr 

24th Apbil, 1895.] 



The members of the Institution will be aware that the House of 
Commons has nominated a Select Committee, which is now sitting, with 
Sir H. E. Roscoe, M.P., as its chairman, " to enquire if any and what 
change in our weights and measures should be adopted." Having 
for many years taken an interest in the matter, and being a mem- 
ber of the new Decimal Association, the writer has been invited by that 
society to give evidence before the Select Committee. But as such 
evidence could only represent the expression of the opinion and 
experience of an individual person and firm, it was thought more 
desirable to ask this Institution to consider the matter, and if it 
thought well, to pass a resolution in favour of the adoption of the 
metric system by law at some early date. In conversation with the 
President and the Secretary, it was found that the subject had not 
previously been brought before the Institution, so at the request of 
the President this paper has been prepared. Its object, primarily, 
is to secure the careful consideration of the subject in its practical, 
commercial, and educational aspects, by a body of men whose connec- 
tion with the conamercial interests of this part of the country, 
and whose business relations with foreign countries are of such an 
extent as to make an expression of their opinion of value if laid 
before the Select Committee of the House. 

The new Decimal Association is a body established to promote the adop- 
tion of a decimal system of weights, measures, and coinage in the United 
Kingdom. It includes not only many members of both Houses of Par- 
liament, but of Chambers of Commerce, School Boards, Trade Councils, 
bankers, engineers, electricians, manufacturers, and merchants, together 
with many of the influential scientific professors of our universities 
and learned societies. On its executive committee, amongst others, are 
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Lonl Kelvin, Sir Uuiiford Moleswortb, K.O.I.E. (of pocket-book fame), 
Alexander SieinenB, Col. Robaon (one of the members of our Institution), 
of Sunderland, and a shipowLcr, in Col. Sir E. S. Hill, M.P., of Bristol. 

The asaociatiou has decided to confine its attention for tbe present to • 
weights and mcaanres, leaving any change in tbe coinage to the future, 
and has been instrumenfal in procuring the appointment of the Select - 
Committee, now sitting, on the subject. 

The importance of indncing this nation to adopt the metric; system i& 
shown by the fact that on the one bund by om- enormous exfwrt, import, 
and shipping trade we have all the world for our clients; on the other, , 
all the rest of tbe civilised world (423,504,561 people, including 60 per . 
cent, of our own customers, with two principal ejiceptions, Russia and 
the United States of North America) have adopted, and will not change I 
from, that system. It is expected that Russia will adopt it if we do so ; 
it is used in Russia already in commercial life ; and in the United States 
the metre and kilogramme have been adopted as the fundamental stand- | 
ards of length and weight. The attention of Congress and the commercial 
bodies have been actively drawn to it. There is no doubt that the two j 
groat English -speaking nations on the Atlantic would Immensely benefit j 
by its adoption. | 

The Trades Union Congress discussed this question in 1892 and 1893, 
and have passed resolutions approving of legislation in its favour, and of 
its general adoption, so that opposition from the working classes, which 
is allugo! io he oin' of tin,' ilillicnllio!' of tlie iiitrudiKtioii of the Rystem, is 
turned in flank by the action of their representatives. 

But the most eager supporters of the adoption of tbe metric ayatem 
are our various Chambers of Commerce, who are unanimons in recom- 
mending the change. It cannot have a more powerful advocate than the 
widely esteemed chairman of the Associated Chambers, Sir A, K. Rollitb, 
M.P., who, in a recent speech, supported the appointment of this Select 
Committee. Sir Albert then said (tnier alia): — "To the transposition 
of specifications, losses of orders for machines were dne, whilst even 
the (irder for an armour-clad was said to have been lost to ub owing 
to necessary niceties of adjustment, and to the difference of our arith- 
metiail langnnge from that of the purchaser." It is to be hoped Sir 
Albert lias been raisiuformed ; but it reveals the danger of onr notation 
to onr foreign trade. He further said : — 

Wlij-, oven till' JapaiiBse liail oulatrippcd as, and positivelj China had placed an 
iirdiT with Kriijiii, at K«sen, ralher than face onr vulgar fractions. We might well 
fnllow the viptoriiius JajAiii'sc : for when he was in HudderBlield recently with the 
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Chambers of Commerce, a Yorkshire clothier said to bim, in his rich dialect : " Them 
Japs, oiiJ' Albert, are real clever fellows. They are rare bargain-makers when they 
come ovei. y^^^ ^^^ ^^^ calculate anything." But, after aU, there was still some 

consoUtiotx for he (Sir Albert) said : " What, Mr. , do you mean to say they 

get tbeb^t of you ? " " Oh, no/' replied the clothier, " but then I'se Yorkshire ! " And 
what vftf e and would be the consequences of this insular commercial isolation ? Once 
we were inonopolists ; we could force our goods on foreigners. But the great Lord 
Derby ba^ g^j^^ ^ i^^g ^^ ^ iq^q . u .^he Continent will not always allow England to 
be the ^'orksbop of the world." And now we had to meet competition, seek and bid for 
orders, and find new fields of commerce. And for these purposes, there was one ever- 
increasing condition — that our language, our specifications, our price lists, our quota- 
tions, oup invoices must be such as our buyers can read and understand. Translate and 
convert them they would not, and in this they only showed their human nature, for even 
onT own language was full of proofs of the unwillingness of men to take trouble if they 
could avoid it. Here, then, our system was a great impediment to trade, one which 
drove custom to our competitors, and which would decimate our business unless our 
business adapted itself to decimals. And these were not mere a priori commercial 
concJusions. Our own Foreign Office consular reports teem with warnings, all telling 
us that if we are too conservative, in the bad sense of that term, we must lose trade, 
and that if we are progressive, we may extend it. Who could hesitate ? Some tem- 
porary inconvenience there must be ; but so there was, and more, in Germany, with its 
many different states, moneys, and measures, yet within four years the work was 
finished, and the sooner we begin the better for business. 

We endure permanently, without knowing it, greater inconveniences 
now than the short agony of the brief transition stage would inflict; 
for instance, Mr. John Kindred, the Secretary of the Newcastle 
Incorporated Trade Protection Society, who has been getting statis- 
tics for the Select Committee, states that cement is sold in New- 
castle by bag of 224 lbs. ; in London 203 lbs. ; cheese in Newcastle 112 
lbs. to the cwt., but in Cheshire and Stafford 120 lbs.; wheat at New- 
castle is 504 lbs. to the quarter, whilst at Hull (a competing port) it 
ifi 480 lbs. to the quarter, and in Liverpool is sold by the cental of 100 
lbs. ; locally, English wheat is sold in Newcastle at 2 bolls per bushel ; 
at Hexham 5 bolls ; Morpeth and Berwick 6 bolls. It would be weari- 
some, though it might be amusing, to describe other discrepancies and 
absurdities of British customs, for these would all be swept away when 
the universally simple metric system became law ; meantime these obsolete 
CDStoms distinctly injure our trade and our people. 

Just one personal allusion. In the textile trades of the country, 
which employ such a vast portion of the population, the confusion of our 
present system would be incredible if it was put before them in detail. 
Being connected in early life with this branch of trade, the writer was 
able to assure them that the chaos in which British manufacturers found 
themselves when their productions began to be brought into competition 
with the more accurately manufactured and described productions of 
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foreig^i countries Beriooaly injured the textOe trades of the countiT_ ^ 
This (specimen exhibited) is a statement of comparative tables showings 
that the counts of yarn in this cooutry are reckoned in almost as maiij^ 
different scales as there arc producing districts. Manchester has its owek:- 
cotton scale, Bradford its own worsted scaJe, Leeds its own woolleu scaler* 
Hudderafield and DcwshGry their own merino or mixture scales, Leieest«";s 
has tliree denominations of hosiery yarn scales, which again are differcn^ra 
from the Hawick, GiilaBhiels, and Alloa hosiery scales. We can pit~:^ 
the mental condition of a manufacturer who had to remember the^^t 
varying scalcB before he could make hfs pnrcliascs, and we can pictuc^B 
tlie discomfiture of the English manufacturer when tlie foreigner ea rr — a 
along with his one uniform metric scale of ao many metres per tilcizx 
gramme, which obtains for all classes of woollen and cotton gooii.^- 
Lord Kelvin has termed our present condition a " brain- worrying and ' 
intellect- wasting system." As a writer in the English Meehanic of the 
22nd March says, " all this unnecessary waste of time and trouble, both 
in working our own wicked system and in having to translate between 
it and the metric system, is due to the intense obatinacy, nay pig- 
headedneas, of the English people ; the same obstinacy which makea 
us cleave to the Fahrenheit scale of thermometer, based upon an entire 
scientific misapprehension, with 180 spaces between boiling point and 
zero, instead of the easily worked 100 points used upon the Continent. 

Turning to some of these facts in connection with our trade abroad, 
the British consuls, who are impartial witnesses, in countries where the 
metric system is in force, have recently been asked to give their opinion 
as to the effect of the maintenance of the Knglish system. The following 
extracts will surely convince the Institution of the magnitude of the evil 
of our present system, and the commercial ueceBsity for the early adop- 
tion of the metric one : — 

ROTTRKDAH, October 22nd, 18&4- 

The simplicit; of the metric sjetem it bo obvious, that ita adaption in BngUnd can- 
not fail to be of great advantage to all interested in the trade with those conntria 
where it is already in vogue. 

MiUH, Italy, October ISth, 1894. 

As an engineer of some twentj years' reaidence apon the Continent, I have no 
hesitation whatever in stating that the present system of English weights and meaanrea 
is detrimental to British commercial interests in countries like this, where the metric 
system is in force. 

The sooner the metrical system is adopted by Great Britain the mar« advantBgeoas 
for her commercial interests when trading with the Continent in particular, as also to 
facilitate home calculations. es;)ccially in engineering departments, where eicesaiTe 
;iccaracy is an absolute neecssity. 
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Vabna, October 23rd, 1894. 

If the quotations and specifications in trade lists are made out in English standards 
of weiga-ta and measures, intending purchasers here generally throw them aside and 
consult otben which give the required information in metres, kilogrammes, etc. 

in toe Varna Trade Report for 1892 it is mentioned that it is especially in hard- 
^*^Mci machinery that the non-adoption of the metrical system acts most prejudicially 
*?*iMt Hritish manufactured goods. 

Malaga, October 23rd, 1894. 

1 have heard purchasers here say that they bought German goods in preference to 

ogusb Ones because German merchants sent out their price lists made out with the 

pnces in Spanish currency and weights according to the metric system, whereas the 

ntish merchant always sent his made out according to English weights and currency. 

^^naider that British trade with Spain would increase if we adopted the metric 
•ystem. 

RousTOHOUK, BULOABIA, November 19th, 1894. 
'^iiow of cases where British trade has suffered because English goods offered for 
^ here have been made to English instead of metric weights and measures. 
*^ce the Bulgarian Government adopted the metric system it is evident that the 
°*®*'® has a great advantage, and it is a fact that British imports have fallen off, while 
Aostriaii jjn^j German have increased. 

Bahia, November 23rd, 1894. 
"^eps here will often throw down an English catalogue or price list owing to the 
^Diciuty t^jgy experience in calculating the cost of goods per metre or per kilo, when 
the quotations are made per yard or per pound. 

Toe 10, January Ist, 1895. 
^ believe most confidently that the adoption of metric weights and measures for 
Btigluh manufacturers would be of benefit as far as regards their import, into Japan. 

Bulgaria (Report No. 1300 of 1894). 

The metric system is the one now employed throughout Bulgaria, and it is useless 

for English manufacturers (especially of machinery and hardware) to expect that their 

potential foreign customers will give themselves the trouble of learning our avoirduix)is 

»xA dimension tables, in order to be able to puzzle out quarters, pounds, and ounces, 

jirds and inches, gallons, pints, etc., into their metric equivalents. 

Another reason for which it is becoming increasingly necessary for us 
officially to adapt ourselves to the metric system is the fact that in the 
liforld of science, and in those trades and professions which involve scien- 
tific features in their development, its adoption is forcing itself upon us. 
For instance, in chemistry (touching as it does so many of our industrial 
arts in various points), we know that in the chemical trade of this district 
Continental experts and traders tread on the heels of our manufacturers. 
In the manufacture of scientific instruments, including in that term 
artillery and other instruments of precision, optical instruments, medical 
instmments, and the like, the metric system is used because of its greater 
aocoracy, and because of its opening up the technical teaching and results 
of Oontinential scientists and manufacturers which are recorded in metric 
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language. More important still, the whole electrical world has based i 
units for denomination and description on this system; telegraph and 
telephone wires are gauged in millimetres; we buy our electric light 
carbons by "so many millimetres thick." Sir Philip Magnus has pointed 
out that in accepting the Board of Trade electrical unit the Government 
has already adopted the system. The great importaMce to this Institution 

of the forward movement in the use of Electrical power has been promin 

ently set forth by our President, in his valuable inaugural address on thatiJr 
subject, by Mr. Mountain, and others. The advantages we hope to rea 
will thus compel acquaintance with it. Photographers are feeling the want* 
of it, many of the formulae for their solutions and work being given iBci 
metric weights and measures. In the copper ore trade (one that also affects^::*' 
this district) the want of it also acts prejudicially. A smelter on th 
Pacific coast says that " many a good shipment of matte or ore has gon^ 
to Freiburg instead of to Britain because the owner wanted an account Ji* 
could understand." The leading mining organ of the United States, fi 
the same reasons, advises shipment to Germany instead of to England. 

In all these, and in other trades, the necessity for great exactness an — ^.m::M^d 
concentration of thought and accounts, has brought about the use 
the metric system already, and business, to be successfully conducted 
these arts, compels a knowledge and use of it. --^ 

This Institution is also an educational institute, assisting to train its ^^^ 
juniors to skill in their profession — ^a most valuable and interesting section ^^^ 

of its work. The Institution may do good educational work by ^ 

informing and interesting its Graduate section in this important oommer- ^4. 

cial, scientific, and educational movement, for the educational side of ^ 

this question is also one of great national importance. It has been 
calculated by those experienced in the profession, that the time now 
wasted by English children in learning the barbarous tables, troy, apothe- 
caries, avoirdupois, liquid, square, cubic, and linear measures, would be 
reduced by more than one-half (some say a much greater proportion) if 
the metric system were the only system in force in this country. Com- 
parisons have been made in the time taken in the elementary schools on 
the Continent with the time taken by English children in acquiring 
facility in arithmetic. In elementary schools it is usual to devote one 
hour a day to arithmetic, and as each scholar is supposed to be about one 
year in each standard, it is calculated that at least two years' teaching in 
aritliniL'tic is now taken up by teaching that which the metric system would 
render wholly unnecessary. Those who have witnessed the great simpli- 
city of the teaching of arithmetic in foivign schools will i*eadily believe 
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this to be the case. The leading School Boards of the country are in 

raToar of the reform, and the Education Department is preparing the 

^^h So that those who are now in our schools will, when they come to 

^^e Up i\^Q business of life, be so acquainted with the metric system that 

^^e trangition to a large portion of the population will be comparatively 

^^^* We each remember the agony through which we passed in learning 

^•^^86 multifarious tables. Surely, when a better system is before us, our 

^Wldren have the right to demand from us that their brains shall not be 

*-ortured with this useless, unnecessary, and cumbersome compilation. 

^he time so wasted might be used in developing their faculties and 

^^^^eaaing their general store of knowledge in many other direc- 

In March, 1894, the National Union of Teachers at Oxford passed 
^^^^^nimously a resolution stating that the interests of commerce and of 
^^cation demand the introduction of a decimal system of money, 
^^^hts, and measures. 

In 1891, to a deputation to the Education Department, in which the 

*^tool boards of the leading towns of the country took part, Sir W. Hart- 

*^yke (the late Vice-President) said he had long been in favour of the 

^^^^m, and as the education of our children must be suitable to their 

^^"^gress and success in life, he would be glad to forward the object of 

^ deputation. Since that time the Education Code has required that 

^^lars in Standards V., VI., and VIT. should know the principles of 

^ inetric system, and be able to explain the advantages to be gained 

f'^*^ uniformity in the method of forming multiples and sub-multiples of 

'^^ Unit. 

louring the present week the writer held an examination of some of 
^ ^^luildren in the upper standards of the Board Schools of this town. 



^v-ould circulate round the room some of the questions and the answers 

^-li^ scholars, showing the simplicity of the system and the ease with 

"^^ti children acquire it. Round the room are charts of the weights 

^ J^easures of the metric system which are hung up in our schools, 

"^^^^iarising the children with the subject. 

-■^O. addressing a commercial and scientific assembly such as this, it 



Vie taken for granted that the members have more or less a know- 

^^^^ of the nomenclature and characteristics of the metric system. Can 

^^ J the same, that they have to-day an exact knowledge of our present 

^^h, complicated, and time-wasting tables? For the sake of those 

^ «ire not so familiar he would briefly indicate the salient points of the 

^^osed system. 
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The metric Bystein of weights and measures Is wholly baaed on tie 
metre, allegetl by ita authors, in 1799, to be one ttn-milliouth part 
of a quadmnt of the earth's Borface, measured from the North Pole 
to the Etjuator throngh the meridiau of Paria. Be that a scientific 
fact or une idee magnifique of our gallant neighbocirs, the metre bo 
devised has become the basis of this uaiverEul scheme. A standard 
meaaure, the " line-nietre," was sent from Paris to our Standards Office 
in Westminster in 1889, and at the same time the standard weight, a 
kilogramme. In 1894 the standard "end-metre" wasreceived. Theyare 
made of an alloy of 90 imrts of platinum and 10 of iridium, found by 
experience to be the least affected by change of time ;ind temperature, 
and also to take the marking moat easily. 

The Metre ia 39'3708 English inches, and is the unit of length. 
The unit of surface generally used is the square metre, or ri96 square 
English yards, but in meaauring land the " are " of 100 square metres — 
119'6 square English yards — is used, and for large portions, the hectare 
of 100 ares, or 10,000 square metres, or nearly 24 acres. For volume or 
bulk the unit is the " stere " or cubic metre. Each metre, are, or stere 
is divided into tenths, hundredtba, and thousandths when fractions are 
required, and for larger denominations they are multiplied in powers of ten. 

Now comea the ecicnce of the syatcm and its aymmetric beauty. It 
took the French scientific men five years to devise it, and four years 
more in wliich to perfect the standards before they were officially adopted 
in 1799 to 1601. Having a theoretically perfect measure they decided 
that weight and capacity should be so co-related to it that the whole 
syatero ia one and inter-dependent. They took the length of a hundredth 
part of a metre (centimetre) as the basis of a cube, and said that a cubic 
centimetre of water at its greatest density should be the standard of 
weight, calUng it the Gkamme. Some rough models of cubic centimetres 
were exhibited. The gramme is equal to I5'432349 grains troy, or 
'035 of an ounce avoirdupois. The gramme is divided and multiplied 
as required by powers of ten. 

Still retaining the cubic centimetre they resolved that 1,000 of them 
should be the baais meaaure of capacity for dry and fiuid measures, and 
called it the Litre, equal to 1'760 English pints, 61'02 cubic inches, or '22 
of a gallon. The litre is multiplied or divided by powers of ten. Every- 
thing ia decimalised, there are none of the eccentric multiples of English 
nomenclature. (Various specimens exhibited.) 

The multiples of the metre, gmmme, and litre, or basis standards of 
length, weight, and volume, are known by the Greek words signifying 
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powers oiT tea — deka 10 times, hecto 100 times, kilo 1,000 times, myria 

10,000 times the basis ; thus kilometre is 1,000 metres, and is the metric 

mile or measure for long distances ; it is 1,093*6 yards. Kilogramme is 

1,000 grammes, equal to 2*2046 lbs. avoirdupois ; it is the almost 

universal weight, and is found to be so convenient that in common 

domestic and commercial life it is the standard, and is generally used up 

to tke ton or 1,000 kilogrammes, without using the intervening 

names, por instance, duties are levied by the " 100 kilos " instead 

of W t'te quintal. In common life, however, the ^ kilogramme (500 

gramncies) is in France still used as the " livre," and in Germany as the 

''phad" or lb., being very near the English pound ; also 250 and 125 

grammes are spoken of as ^ and ^ livre or pfund. This retention of the 

famiaar name of lb. (being within a small fraction the same as it is 

now) will lessen the difficulties of the introduction of the system into 

Great Britain. 

For divisions of the metre, gramme, and litre, the Latin words for 
powers of ten are used ; de9i, the tenth ; centi, the hundredth ; milli, the 
thottsandth ; thus a millimetre is the thousandth of a metre or '0394 of 
an Eiiglish inch (25 being almost an inch, makes an easy memorandum), 
and It is the standard for rules, gauges, and similar appliances. 

J-o remember the relation of the Latin and Greek terms for ten, 
which are confusing at first, put a gedilla (under) the Latin subdivision 
degij and a tall k (above) deka for the Greek multiple. 

There are some further interesting co-relations of the system. These 
units liave simple relations to each other. Thus, the cubic centimetre of 
water is 1 gramme, a cubic degimetre of water (1,000 cubic centimetres) 
is 1 kilogramme, and a cubic degimetre of water is 1 litre also. A model 
of a cubic de9imetre marked in subdivisions of centimetres and milli- 
metres, showing linear, surface, and cubic measurements was exhibited. 

As one litre contains a kilogramme, so one cubic metre (1,000 cubic 
decimetres) contains 1,000 kilogrammes or one metric ton of water. This 
is the factor for calculation of the tonnage of ships, and as it weighs 
2,204*62 lbs. avoirdupois against our 2,240 lbs. to the ton, this slight 
difference brings the general idea of the two systems in mental compari- 
son in large weights very close together ; it is also 1 kilolitre. 

The specific gravity of a substance is its weight in relation to that 
of water, and as the weight of water contained in any metric measure 
of volunie is known, it follows that the weight of any substance can 
be easily found, when its bulk in terms of the metre is known, by 
moltiplyii^ the latter into its specific gravity. Or, if we know the 
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weiglit of any subatance, we can easily find its volume by dividing tlie 
weight by the Bpecific gravity. For inBtance, the weight of a boat load 
or store of eorn, lime, or other substance can be ascertained by 
multiplying the length, breadth, and depth in metres by the specific 
gravity. The result will be the weight in kilogrammes. On French 
slide niles it is customary to give the speciSc gravity of common sub- 
stances, such as wood, iroo, stone, etc., for the purpose of assisting 
these everyday calculations. 

The eet of metric tables in ordinary use, discarding unused intermedi- 
ary denominations, is as follows. These are the terms iu common use is 
countries which use the system, and even some of these are rarely nsed:— 



HEA9IJBS OF Lbnoth, 

1 DiiUimetre 

10 millimetres make 1 oeiitimetru 

10 ceatimetriis make 1 det^imctrc (baud) 
10 dofimetroB make I motro 

1,000 metres make 1 kiloniotra ... 10936 yards. 

The millimetre, centimetre, metre, and kilometre are tlie ordinary terms. 



-0394 inch. 



39'3703 



He ABUSE OF SFKFiOB. 

100 aquare ceiitimetrea equal 1 square ileqioistre *119 sqnare yardji. 

100 aqaare depimetrea eqaal 1 square metre 1 ISG „ 

100 square metrea equal 1 are 119-6 

100 ares cquaU 1 hectare eiinaU 10,000 sqoare metres ... 11960-0 „ 

The square ceiitinietro aud square metre are the ordiuAry tsrnta. 

SoLiii OB Crnic Mkascrb. 
1,000 cubic centimetres equal 1 cubic de^metre (equals 1 litre of water). 
1,000 cubic de^metres equal 1 stere or cubic metre or ton, 1*308 cubic jards. 
The cubic centimetre aud metre are the ordiuar,* t«rdu. 

Ubasube of Cafaoiti. 
10 centilitres equal 1 defilitre. 

10 defilitrcB equal 1 litre — 1 kilogramme - 1 cubic decimetre, — 1-76 pinta. 
100 litres equal 1 hectolitre (or 22 ^lons). 
1,000 Utrea equal 1 kilolitre (equals 1 cubic metre or ton). 

The centilitre, litre, and hectolitre are the ordinary terms. 

Weishts. 
1 gramme equals 1 cubic centimetre ot water (or 1&'43 grains). 
100 grammes equal 1 hcctof^amme. 
1,000 grammes equal 1 ki1<^^ramme (equals 2-206 lbs). 
1,000 kilogrammes equal 1 ton. 
The gramme, lb. (500 grammes), kilogramme, and ton are the ordinary terms. 

It is quit* a mistake to alarm our children or our workmen with the 
pains of a vast number of uiiw ttrms ; au hour's study of the chart and 
handhng of models will remove all difficulty. 
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The following table shows the comparative elements and relative 
values of the terms used : — 



Length. 


Surface. 


Notation. 


Weight. 


Capacity. 


_^ 




1,000,000 


Ton 








100,000 


Qaintal 




Myriametre 




10,000 


Mjriagramme 




Kilometre 




1,000 


Kilogramme 


Kilolitre 


Hectometre 


Hectare 


100 


Hectagrammc 


Hectolitre 


Dekametre 


Dekare 


10 


Dekagramme 


Dekalitre 


Mbtbb 


Abe 


1 


Gramme 


Litre 


I>e9imetre 




•1 


De9igramme 


Degilitre 


Centimetre 


Centiare 


•01 


Centigramme 


Centilitre 


Millimetre 




•001 


Milligramme 


Millilitre 



It will be expected that this paper should deal with some of the 
difficulties which are supposed to have hitherto prevented the adoption 
of the system. It need only deal with the professions with which we 
are connected — ^the shipbuilding and engineering trades ; so far as can be 
gathered the great majority of the other trades in the country would 
welcome the adoption of the system. So far as shipbuilding is concerned 
the lengths, weights, areas, and cubic capacities dealt with are of such 
large denominations that there would seem to be very little difficulty in 
the transition. Measurements are made in metres and decimals, areas in 
square metres, and contents in steres or cubic metres. The thicknesses 
of plates and other small dimensions are made in millimetres or centi- 
metres. 

The members of the Institution must in their business relations be 
constantly receiving drawings of ships and machinery from abroad with 
metric weights and measures inscribed upon them. What do we do 
with them now ? Speaking generally, we all translate these beautifully 
simple terms into our complicated ones, and as any given number of 
millimetres and kilogrammes works out to be expressed by fractions of an 
inch, even running into 82nds, or fractions of pounds and ounces, the 
difficulty of making an article to fit the required foreign measurements 
is endless. How much better would it be if the greater simplicity which 
Continental manufacturers enjoy was also enjoyed by our own workmen, 
draughtsmen, clerks, and principals, saving the large amount of incon- 
venience occasioned by the reduction, which not infrequently leads to 
mistakes, with the attendant lost time and money. 

So far as can be seen there is only one practical difficulty to be faced in 
our works in this district. We have a large number of gauges of 
all sorts, chasers, taps, dies, and the like, which cannot be altered. 
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do not wear out, and are too valuable to throw away. Then the 
the question of the screws with their threads, and all that follows 
use of the screw upon a machine tool. The adaptation of these n 
special consideration, but on detailed enquiry many difficulties lessen 
. disappear. 

We all have work to do in repairing existing machinery and ships, t -^^ 
old tools would have to remain to serve them, as new parts must be ma^ "^^ 
to fit the main portion, and the drawings remain in inches ; and woil-^^^ 
suggest that our practical works' managers hold a conference to evol^*^^ 
some method by which there would be a lessening of the necessity f^ ^ ^^ 
renewal of so many valuable appliances, and of suggesting arrangemenr 






by which many existing tools could be used with the new methods. Tl 
Board of Tmde, together with the surveyors to the classification societiep^^^^^j. 
could render very valuable aid in considering the limits of change an^-^^^^-, 
in lessening its effect. By stamping existing tools and gauges wit^^'*^^ 
the metric equivalent much may be done. But to some extent ft 
new work our makers of screw appliances, such as Whitworth, will 
to give us new appliances when they have themselves prepared th( 
The transition in Germany must have caused the same trouble that 
have to face, but the universal testimony is that it is less f ormidabl 
than it appears. On the Continent, Whitworth threads are still largd> 
used : what is wanted is an " international agreement on screw threada.' 
This part of the subject, however, is too much a matter of detail to 
treated of in a general paper. But, in view of the enormous genei 
advantages to be gained, the shipbuilding and engineering profession::^"* 
can and will turn the flank of these smaller difficulties. 

The personal difficulties of the change to our engineering and boiler 
making workmen will be very small ; we shall put into their hands ^- 
first rules marked with inches and millimetres till the drawings be altere- 
Some specimens have been procured which are marked in both not 
tions, and are very low in price ; also specimens of the actual ml 
in use in French and German engineering shops ; the half -metre (cubi/v- 
is a common size, marked in millimetres and centimetres. Weights 
will have to be taken in kilogrammes. For a time there will be some 
confusion ; managers and foremen will need extra vigilance, having first 
mastered the principle themselves. But what could be done in Norway, 
Sweden, and Germany can be done here. Mr. E. H. Bayley, M.P., 
said he had been every year to Sweden, where the change was recently 
made, and he was astonished at the ease with which the common people 
understood the change. Six months before the change the Government 
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BtncK np posters in the market places and freely about the country 
explaining the system ; small handbills were freely spread through the 
nouses, jjj. Alex. Siemens bears testimony to the ease of the transfer 
in lianover. In Austria, too, the change was made without the great 
aifliculties and upsetting of business prognosticated. What they can 
we Q^jj Jq . j^ £g ^jj ^ question of education and sufficient notice. 

^^e testimony may now be given as to the excellent effect of the 
^^ system on the workmen and work, on the changes to be faced, 
^^ slight difficulties involved. 

tie following letter from Colonel Dyer, one of the directors of 
^^^^. Sir W. G. Armstrong, Mitchell, & Co., Limited, of Elswick 
'^^j is valuable testimony as to the real smallness of the difficulty in 
^*ig the transition from our system to the metric one : — 

^^r Mr. Baines, — I wish I could assist you with some facts for your paper on the 

1c gygtem, but I am sorry to say I have none, because we have never used the 

, ^^^ here beyond decimalising the inch, and at the Pozzuoli works the metric system 

"een in use from the commencement. The consequence is that each works knows 



th 



^ the one system and they have never tried the other, they cannot therefore compare 

® two. 



*■ Was for several months at Pozzuoli when first it was started. I had therefore 

/^^ ftmoiint of personal experience with the metric system after having been all my 

^ Used to the other ; for the first week or two the change was a little puzzling, but 

^^n once the mind got used to the difference and you thought in centimetres and 

"^^ilimetres — in litres and kilogrammes — the advantage was most marked, and I have 

"^ l^esitation in saying I returned to our English system with the greatest regret, and 

* ^otind far greater difficulty in training my mind back to feet and inches than I had 

to ^oi^etthem. 

^er«onaUy, I have a strong preference for the metric system both for mechanical as 
aa w-ell as for financial work — my preference comes after a fair trial of both systems, 
•^^ X liope I may live to see it generally adopted. 

Yours very truly, 

(Signed) H. Dybe. 

The firm of Herr Fried. Krupp, of Essen, the famous manu- 

lactnrer of ordnance, has kindly allowed one of their managers to say 

tiiat tbeir experience is that accurate measuring is much easier with the 

metric system, and that less skilled workmen are required for exact 

measuriug t^j^^jj ^jti^ [j^q]^ rules. They also find in reading ofiF small 

fractions from an English drawing that mistakes are more easily made. 

Id forking to English drawings, if particularly exact results are desired, 

tb^y transform them into metric measures. 

1^. Hans Johansen, assistant surveyor to the Norske Veritas, a Nor- 
W^an, residing in Havre, who has also a good knowledge of English 
irorkshops — thus knowing the practice of three nations — has given 



294 THE METHIC SYSTEM OF WEIGHTS AND JtBASUHES. 

some practrical infoiiuatioD on the nse and advaotages of these lue^ans 
in Continental workshops. He saya tbat iu machine shops bhc prin- 
cipie of dwimaliflatiou is found specially advuntageous, enubling the 
fitter to measure very quickly and with gvii&t exactness. The English 
two-foot niie is in most French workmen's hands replaced by two 
rales : — (1) The ordinary pliant metre-measure of yellow metal, folding 
up into decimetres (specimen exhibited) ; and (2) the " pied it coulisse," 
or sliding mle (specimen exhibited). Ordinary workmen nse the yullow- 
metal metre, and it is marvellous how practice enables a man to mani- 
pulate it with certainty, ulthoagh for long measures, the wear of the 
many joining riveta makes it less exact. In Germany the workmen use 
the steel "metre a etalon" or "standard metre " (a German and French 
steel ilemi-metre workman's rale exhibited), marked in millimetres and 
centimetres only. This, of course, is a more exact tool than the yellow- 
metal one. In French shops this "metre a etalon" is also used, 
cspfcially by foremen and draughtsmen, and workmen get them when 
needed. The second tool, the " pied i coulisse," is an ingenious instm- 
meut for taking the internal and externa! diameters of objects to &b 
exactitude of one-tenth of a millimetre, a dimension which cei-tainly ig 
minute enough for engineering purposes. This is done by means of a 
vernier tixed to the reading-off scale. With these two rules and the 
decimalisation of meaaurea, it seems that a vast saving both of calcnla- 
tion, time, and laVjoor will be achieved in our shops ; certainly it is a 
powerful pk.'i for tlif nit-trii; system. Smiths and boilerraah'rs uso only 
the jeilow-metai metre in France, 

In pattern-making the metric system lends itself to the making of 
scales to denote and suit the differing shrinkages of the variona metals to 
be cast. Mr. Johansen has seen a pattern-maker with seven differing 
scales on the metric basis to suit his different sizes of pieces. That 
gentleman also uses a micrometer with a vernier, for making and 
checking the transformation of the millimetre into inches, and vies versS, 
in dealing with the thickness of plates, rivets, and the like, in boilers 
and ships. This, with tables converting the j^ "id ^ of an inch now in 
use for iron and steel plates by the classification societies into metric sizes, 
enables him to work easily in both systems. But he goes on to say, and it 
will be at once admitted by this Institution, that a principal advantage to 
our professions, combined with a great saving of time, labour, and 
mistakes, is the use of the metric system iu the making of drawings and 
tracings in our drawing offices. These would all be in decimals. Instead 
of in -jV 'ich, ^ inch, and ^ inch, with the various reduction-scales we 
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\we; ^^^^ economy makes a powerful plea in favour of the metric system, 
oatv^^^'^ing in the long run the cost of renewing our measuring 
appatat\i8. In Qup drawing offices, too, the advantage of the instant 
calculation of the weight of a given design in any ordinary material is 
rery great. Knowing the density of a material (many " specific gravi- 
ties " are marked on slide rules) without any special table, a draughts- 
man is able rapidly to state the weight of a required article without the 
iufcricate calculations of our ozs., lbs., qrs., and cwts., with their powers 
of 1 6, 2Sj and 4. In this connection, it may be stated that Sir Guilford 
Jfolesworth has recently published a supplemental pocket-book in which 
the transformation of English to metrical, and metrical to English, sizes 
is given in the most complete detail (copy exhibited). All necessary 
formulae, not only in the ordinary measures, but in such combinations 
as are needed by shipbuilders and engineers are given, e.g,, foot-pounds 
into kilogrammetres, pounds per square inch into kilogrammes per square 
centimetre, pounds per square foot into kilogrammes per square metre, 
pounds per square inch into atmospheres, pounds per yard into kilo- 
grammes per metre, horse-power into force de cheval. With such clear 
definitions as these it is certain English manufacturers, draughtsmen, 
foremen, and mechanics can easily adapt themselves to the modern 
necessity of the metric system. 

The question of the decimalisation of our coinage is postponed. 
Everyone admits that the British £ sterling in gold must be maintained. 
There is, on the other side, the enormous use of the penny, and to 
alter its relation to the sovereign is a difficult matter. It is not 
insuperable — 10 farthings to a groat, 10 groats to a florin, 10 florins to a 
£, would make very slight changes. Bronze coins are tokens, and by the 
addition of pieces of the value of 8 and 5 farthings (the 3 farthings coin 
might be made slightly angular, say nonagonal, for distinction) the vary- 
ing pieces would enable the traders and their customers to arrange 
matters. But as it is not before the country it is not needful to discuss 
it. It is named to point out that in connection with a metric system of 
weights and measures a decimal coinage would be an additional boon and 
simplification of our domestic and commercial and educational life. 

It may be asked, how do you propose to bring about the change ? It 
is suggested that Parliament should pass an Act making the use of the 
metric system (1) optional at once, and (2) compulsory at some future 
date, say, in five years' time (on 1st January, 1900). Between this and 
that time the Education Department, and the trustees of secondary schools 
and collies, will have given special attention to the training of miUions 
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^oCarthy, Sir S. Montagu, Mr. Jasper More, Sir A. K. RolUtt, Mr. J. 
- Stevenflon, Mr. Stewart Wallace, Mr. Webster, Mr. Whiteley, and 
" •. T. Wrightson. 

Another official body, the Association of Inspectors of Weights and 
oasures, who are under the County Councils, have passed resolutions 
^*^'*x>iigly approving of the adoption of the metric system in this country ; 
testimony of a body of men specially and officially brought into 
with all classes of the community, especially with the humbler 
of the trading classes, is most significant of the desirability of the 
.nge. The writer has put down a motion of approval of the system 
the meeting of the Durham County Council next week, and also at 
meeting of the National Association of School Boards to be held 
Xiondon in May. 
The existing law on the use of the metric system is in a curious 
Contracts made in terms of metric weights and measures are 
but the Weights and Measures Act of 1878, whilst providing as 
►ve, and for verification and stamping of metric weights and measures 
Tised for scientific purposes or manufacture, does not provide for verifi- 
cation and stamping of those used for trade purposes, so that any person 
^ using them would be liable to be proceeded against for having 
^^^^^stamped weights and measures in use, and this has actually been the 
^5*ae in the drug trade in London, though in many trades the law is 
disregarded — surely a strong argument for unification. 

Mr. Howard Livens, of Messrs. Ruston, Procter, & Co., of Lincoln, 

'^lid Capt. Sankey, K.B., a director of Messrs. Willans & Robinson, 

Ignited, have both given the writer testimony as to the practical benefit 

of the use of the system in the drawing offices of the companies named. 

Capt. Sankey has sent a communication which will be read by the 

Secretary. Mr. Livens also bears testimony to the advantage on the 

commercial side of the business, especially at such times as stocktaking, 

when the labour of weighing and calculation would be immensely 

reduced. 

Information from those gentlemen and from others on the question 
of screw threads is most interesting. Correspondents agree that there 
is need for an international congress or agreement on this question. 
International agreement was aimed at by Sir Joseph Whitworth when he 
revised the system of screw threads as we now use it. But the Americans 
would not adopt it, taking a standard of their own, and there is great 
divendtj of practice on the Continent ; for instance, an English 
mannfactarer says that in taking foreign orders he always has to ask 

yOLu XL-I»». ^^ 
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what pitch of thread is required, as it seldom happens that two fi 
have the same namber of millimetre-pitch for a ^ivtn diameter of m 
mutres ; in Britain the diameter being given, the pitch ia known. 1 
interesting facits maj bt noted. An order from a technical sciiool 
Continental " metric" country for Home Whitworth screwing tackle, bot 
pitch and size, has been placed with a British machine tool firm wl 
does not make the tackle and does not use metric measures. Ag 
some taps have been ordered for a new water-tnbe boiler of 2J m 
metres pitch, bnt to English diameter in inches. Can there be 
greater argument for nniScation than the confusion represented by tl 
circumstances ? It is a fact, however, that the Whitworth threat 
njueh more used than any other in all parts of the world. These 
factors in the consideration of the future treatment of the screw thi 
question — the wide international use of the Whitworth, and the divei 
of the practice of other nations, make possible a universal agreeio 
This would, after examination of the evidence by experts, be prob; 
based on Whitworth practice, in combination with an adaptation 
metrical nomenclature. It is stated that there is no difficulty in 
adoption of the metric system by our bolt and nut, and screwing tae 
manufacturers ; on the contrary, it would simplify their business, t 
extend our Britisli trade in their productions to a large extent. 

The writer Buggeets that the Institution might appoint a committw 
arrange a conference on the subject with other districts of the Uni 
Kingdom, or, better stOl, pass a resolution calling on the Select Co 
mittee of the Honse of Commons to arrange for sMch a conference, f 
national, and then international. 



DISOnSSION. 
Col, RoBSOM said he was not there to instmct that meeting on 
metric system, but simply because he had what was called a watch 
brief on hehalf of the Associated Chambers of Commerce, and also 
Decimal Association, being a member appointed to give evidence bei 
the Select Committee of the House of Commons on the subject, 
wished to see, too, if he could get out of that Institution the resolut 
alluded to by Mr. Baines. He had got a hint that there was no rule 
passing a resolution in this way ; but if there was no hard and fast r 
he bt^ged to press npon them the aid it would give to the movem 
to have the support of so influential and scientific a body as that of 
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^orth-East Coast Institution of Engineers and Shipbuilders. It was a 
^^ry important subject, more than appeared on the surface, because a 
man might be a devotee of the decimal system and opposed to the metric 
system, for they were not bound to have the metric system to carry out 
the decimal system; they could take any standard and make it into 
decimals. But what the Chambers of Commerce and Decimal Associa- 
tion wanted was, if they changed to the decimal system, at the same 
time to make the change to the metric system of weights and measures, 
80 as to enable them to carry on their commerce with other countries 
without having to put both their money and weights and measures into 
Cerent calculations. If they had to begin to turn cwts., qrs., and 
Ihs, as well as pounds, shillings, and pence, into foreign weights, 
Measures, and coinage, they thought it better to have the metric system 
^opted once and for all. The members of this Institution would hardly 
think it necessary to bring evidence before any body of people whatever 
^ to the advantages of the metric system. He had in ten years only 
^et with one man opposed to the metric system ; he forgot now who it 
It was, but remembered he did it from sentiment. He believed there was 
<^noe a man who maintained that the earth was flat. These two, he fancied, 
^ere singular in their fancies. There could be no serious objection to 
^-he metric system, and he had come across many familiarised with the 
decimal system. The Government of the period always made the excuse 
that the people of the country were not sufficiently familiar with the system 
^ justify them in making the change. He had been before two Chancellors 
^^ the Exchequer on the subject. They went before Mr. Goschen, and he 
said^^'Oh, you must get the working men familiarised with the pro- 
P<>8al." He said he thought the north country working men were quite 
^4^al to the decimal system already. The next deputation was to Sir 
^^iUiam Harcourt, and it included some most intelligent men, armed with 
^^tructions from the great labour congress at Glasgow to represent them 
one or two millions of artisans and labouring men. " Ah," said Sir Wm. 
harcourt, '* we quite understand the intelligent mechanic comprehending 
decimals, but what about the old apple woman and the Irish labourer ? " 
^hat showed that Chancellors of Exchequer would shelve this question if 
^hey conld, and his impression was that they had given them this Select 
^^^mmittee, and mixed the metric system up with the decimal system to 
^ke it more difficult and more easily got rid of. Therefore, it was all 
tne more necessary that the evidence they put before that committee 
^ould be sound and conclusive. To get the metric system it was 
^^lutely necessary they should have the weight of evidence of scientific 
^n, therefore he felt that a decision come to, or a resolution carried by, 



this Institution would liave immenae weight before a wmimittee of t — ft. 
House of CommoLS. If it were possible to move a. resolation withixi k 
infringing their rales, he should lilie to do so. 

Mr. DccKiTT (Secretary) said the only objection to moving a reso~^-B^ 
tiou would be simply this, that the members of the Institution had r "M - 
had notice of it. The Institution extended over the whole world, ani9 — t 
they wanted to get a resolution passed with the imprimntur of ^' •^ r- . 
members upon it, they should have notice beforehand. 

Col. RoiiSON — The metric system is used pretty well all over the wor-^KI 
Well, he expressed a hope that this Institution, when it had finished i^ 
deliberations on the subject, would send some notice of approval either 
Mr. Baines or himself, that tJie decision arrived at by this Institut/o*:^^ 
might be put before the committee of the House of Commorks. 

The Past- Pk ESI DENT said there was another way of doing what to^ 
asked — the next meeting could empower the Council to send a recom— ^ 
mendation to the committee. 

Mr. H. Macoll said be would snggeat that notice be given of the * 
motion to Ije proposed at the next meeting, and this would be duly 
intimated to the members. 

Mr. Baineb thought a motion at the next meeting would be in time 
for the committee. 

Col. RoBSON accordingly gave notice that at the next meeting of the 
Institution he would move the following resolation : — 

"That this Institution, obsei'ving that a Select Committee of the 
House of Commons is considering our system of weights and 
measures, and whether any change should be adopted, is strongly 
of opinion that the early adoption oC the decimal and metric 
system would be a national benefit to the people of the United 
Kingdom. 

It believes that it would greatly promote the expansion of our foreign 
trade, and also simplify business transactions at home. 

The Institution is of opinion that the transition can be effected with 
very little hardship to traders, manufacturers, and the public 
generally, and that by conferences in various parts of the countrj' 
any difficulties in special trades could be easily adjusted. 

That a copy of this resolution be sent to Sir Henry Roscoe, Chairman 
of the Select committee." 
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The Secretary read the following communication from Capt. 
:ey :— 

I^^ELAB Mr. Duokitt, 

I have much pleasure in bearing testimony to the advantages of the 

motric system of measurement over the English method (or rather want 

xiethod). I have carefully read Mr. Baines's paper, and can subscribe 

all he has said in favour of the metric system. 

Messrs. Willans & Robinson, Limited (of which I am a director), 

Irsfcve introduced the metre for linear measurements into their works, just 

t^-^o years ago, and since that time for all new work the drawings have 

l>eeii figured in millimetres. They had primarily been induced to do this 

«o as to be able to work on the interchangeable system with their foreign 

licensees; but the advantages of the system per se had been a potent 

factor in their decision. These advantages might be summarised as 

follows, and the experience of two years entirely bore them out : — 

(1) It is easier to design. 

(2) The drawings are clearer and more easy to read. 

(3) There is less liability to mistakes. 

(4) Checking overall dimensions is far simpler. 

(5) Marking off work is easier and less liable to error. 

T"© illustrate the second point, photo prints of two cylinders of nearly 
the same size, but with some modifications in design of details, are 
attached. One of these is figured in inches and fractions and the other 
^ millimetres. A glance is sufficient to show the superiority of the 
metric system. 

^'^^ fourth point was also illustrated by the following tabular state- 
^^'^s showing the checking of the height of the cylinder in English and 
^ ^^^ 'Jaeasurements : — 

o^ Old Sbbibs. 

'^^'^^-ABD CyLHTDEB, I. SiZB. 

^ hit. 

^ Ft Ina. 



i 




1 6f 





New Sbbibs. 




P. 


600, 


L.P. 


Cylindeb. 


Millimetres. 








Millimetres 


27 










207 










25 








496 


245 








8 



504 504 



anticipated at the time of the introduction that difficulties 
^^. None of any moment have occurred, and not a single piece 
^^ 'WOT liag ijggjj spoilt owing to the change in the method of measuring. 
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There has been no difficulty on the part of tbe men. After a few da; 
the strangeaces wore off, and al) those I have pereonally asked Btate thi 
they prefer the metric ajstem. 

What, it might, be aaked, are the objections to the introduction of tl 
metric system into English eugineering shops? One of thi- priDcipi 
objectiona is tbe expense of having to get e, new outfit of gauges. Th. 
eipense has to be faced, and it seems to me purely a question of wbetfac 
the advantages and undoabted savings of working due to the metric systei: 
were a fair return for tbe i.-apital thus expended. This was a questioi 
each mannfactarer must consider for himself. In our case (Willaus i 
Robinson) I am satisfied that tbe cost of new millimetre gauges has beei 
a wise expenditure, although it has been very heavy — a great deal mop 
so, in fact, than would usually he the citse, owing to the extensive us- 
made of gauges at our works. The next objetition was — How wer 
repairs to be dealt with ? and this objection, of course, only referred t 
such repairs as were made to an original drawing figured in Englia 
meaaurementa. There were only two ways of proceeding — one, to redua 
the ISnglish meaauremeuts to millimetres, carrying out the reduction ■ 
such ilimensious as " fitted " into the old work to the nearest iffrrth of 
millimetre ; and the other, to leave the English measurements as tha 
were, and work to tiiem in such cases. The former was the more logic* 
the latter the more practical conree, at auy rate for the present, and tl 
ouf they had adopted. It might be said that difficulty would arise 
working tbe two systems concurrently. That has not been my expei- 
ence, extending now over two years. A repair effected by measuring — 
the work itself, and not to an existii^ drawing in English measuremea 
would, of course, be best carried out in millimetres. 

The last and most important objection waa, how to deal with scr* 
threads. For the present we (Willana & Robinson) have retail* 
Whitworth threads, but undoubtedly it would be better to adept- 
metrical thread, only so far as I am aware there is no metrical threQ 
that holds the same position as the Whitworth thread. 

I quite concur in the author's suggestion that what we want is at 

international screw thread, and it appears to me that the time is now rip 

to move in such a matter. Might I suggest a resolution on the subjec 

from this meeting to be forwarded to the Select Committee on Weight 

and Measures, now sitting, at the House of Commons, 

Tours faithfully, 

H. RiALL Sankey, 

Capt., E.E. (retired). 
The meeting then adjourned. 
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iJOaXBi^BAST COAST INSTITUTION OF ENGINEERS 

AND SHIPBUILDERS. 



Eleventh Session, 1894-95. 



PROCEEDINGS. 



CLOSENCi BUSINESS MEETING OP THE SESSION, HELD IN THE 
^^^•lURE HALL OP THE LITERA.RY AND PHILOSOPHICAL 
^^^XETY, NEWCASTLE-UPON-TYNE, ON TUESDAY EVENING, MAY 
^^^^, 1895. 



ROB^ 



BT THOMPSON, Esq., J.P., Past-President, in the Chair. 



^^ Secretary read the minutes of the last General Meeting, held 

^^derland, on April 24th, 1895, which were approved by the 

^^ present, and signed by the Past-President. 

. ^ ballot for new members having been taken, the Past-President 

. ^*^ Messrs. W. H. Dugdale and G. W. Sivewright to examine the 

^ Papers, and the following gentlemen were declared elected : — 

MEMBERS. 

^■^^» Arthur, Engineer Surveyor to Lloyd's Register, 6, Windermere Street, 
j^. Oateshead-on-Tyue. 

^"^ols, Walter W., Marine Engineer, 30, Denmark Street, Gateshead-on-Tyne. 

MEMBER (LATE GRADUATE). 
^^^'^t Sidney, Engineer, 14, Northgate, Hartlepool. 



ASSOCIATE. 

*^^iinan, Walter, Shipowner, Fernwood House, Clayton Road, Newcastle-upon- 
"^yne. 



^^U ^1..^-. 23 



L 



Mr. IIenrv Foster repli&l to tlie diacoaaioa on his paper "Ou the 
Application of the Electric Arc to MBdiinery and Boiler Repairs, etc," 



The digcQBBion on Mr. S, 0. Kendall's paper on " Turret-deck CaTgo 
Steamers" wus reHumed, and Mr. Kendall replied. 



The discussion on Mr. G. H. Bainea'a paper ou " The Metric SyBieaii 
of Weights and Sleasurea" was resumed, and Mr. Baines replied. 



The closing business of the a 



n was then proceeded with. 
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MR. H. FOSTER'S REPLY TO THE DISCUSSION ON HIS 
PAPER "ON THE APPLICATION OP THE ELECTRIC 
ARC TO MACHINERY AND BOILER REPAIRS, ETC." 

Mr. Henry Foster said that in replying to the discussion on his 
paper, he begged to refer to the great pleasure it gave him to have had 
the opportunity of bringing the matter of electric arc welding before the 
attention of the North-East Coast Institution of Engineers and Ship- 
builders, and he had to thank those gentlemen who had taken part in 
the discussion, and especially were his thanks due to Mr. Mountain for 
the valuable information given in his criticism — all of which added 
materially to the value of the paper. 

Mr. Stoddart called attention to the fact that in the table of 
records of tests, the steel which had a higher tensile strength than 26 
tons per square inch was not so reliable at the weld as steel having a 
less tensile strength. Of course, it was well known that this was equally 
true in regard to all ordinary carbon steel when welded in the usual way. 
Mr. Stoddart, however, was not justified in his general statement in 
regard to the ratio of elongation of the welded and solid plates, " that 
iron had an immense advantage over steel," nor were the figures showing 
the best ratios of elongation of the welded iron and steel plates given by 
Mr. Stoddart quite correct. The writer had calculated the ratios of elon- 
gation of the welded and solid pieces for the whole series of tests given 
in Table No. I., page 180, and from the recorded results as given in 
Table No. III. it would be seen that the best sample of steel below 26 
tons tensile strength had a ratio of 24*23 per cent, and not 23'1 per 
cent., and the lowest ratio for Low Moor iron was 32*58 and not 37'4 
per cent, as given by Mr. Stoddart. Table No. III., page 306, also 
clearly showed that these ratios were more irregular in the case of the iron 
pieces than in the steel ones when taken all round, and that therefore the 
immense advantage claimed for iron over steel in this respect did not in 
reality exist — although the ratios for Low Moor iron pieces were generally 
higher than the steel ones. The real comparison, however, so far as this 
paper was concerned, was not between electrically welded and solid pieces, 
but between electrically welded pieces and pieces welded in the usual 
way, and this comparison, as shown by Table No. II., page 182, was 
generally in favour of the electric welds. 
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welding or electric lighting on the low tension system as described by 
the writer, but it was only fair to the pioneers of this process to add that 
the machine in question was designed for lighting only and not for weld- 
ing. The first machines used for welding were of ample power, which 
accounted for the successful results accomplished, and the disgrace referred 
to by Mr. Mountain, and in which the process was for a time enveloped 
in the neighbourhood of Sheffield and elsewhere, rested with those elec- 
trical engineers who subsequently recommended and supplied machines 
which were not capable of doing the work efficiently. 

In this process, as in any other process of welding, it was essential that 
heat in volume, as apart from its intensity, should penetrate the article 
to be welded, and this condition could only be obtained by a long, 
steady, and continuous arc. With the short intermittent arc obtainable 
from a small machine, the material was burnt by the intensity of the 
heat, combined with its extreme localization. 

In reply to Mr. Mountain's request for more information as to the 
tensile strength and elongation obtained from steel plates welded by this 
process at Newburn, the writer begged to say that no systematic tests 
had been made upon steel plates, owing to the fact that the apparatus in 
use there would require modification to adapt it to this special purpose, 
but, by request, the following tests were made by, and in the presence of, 
Lloyd's surveyor upon iron bars treated as indicated in Table No. IV. : — 

TABLE No. IV. 
Results op Tests kadb at Newbuen Steel Works upon Elbctbically 

Welded Iron Bars. 

Date of Test, May 30th, 1890. 

Mark of Test. 
Diameter of specimen, inches 
Original area, square inches 

Fractured area, square inches 

Maximum stress, tons per square inch . . . 
Contraction of area, per cent. 
Elongation in length of 5 inches, per cent. 
Appearance of fracture, silky, „ 
„ „ crystalline „ 

No. 1 iron piece just as hammered — not welded. 
No. 2 HB „ electrically welded and hammered. 
No. 3 ,. ,) ., and annealed, but not hammered. 

Bending Tests. 
No. 1 transverse piece li inches in diameter, bent double — not broken. 
No. 2 HB „ „ „ „ bent through 32 degs., broke, 

slight flaw on top side. 
No. 3 „ ., „ „ bent double — not broken. 

Tested in the presence of Lloyd's surveyor. 



No. 1. 


No. 2 HB. 


No. 3. 


113 


1-12 


1^14 


1-0028 


•9852 


1^0207 


•6082 


•8171 


•5944 


23-61 


22-86 


22-75 


39-38 


1706 


41-79 


28 


14 


30 


100 


90 


100 




10 
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There was no particular reason why so many small resistances should be 
inserted in the circuit as illustrated in diagram, Pig. 2, Plate XLV. (and 
to which exception had been taken by Mr. Mountain and Mr. Newitt). 
As explained in the paper, a much more portable and equally efficient 
regulating resistance might be adopted, but where an ordinary arc lighting 
system was already in use, and where a large regulating resistance suitable 
for welding was not at hand, a very efficient resistance could be extem- 
porized by taking the ordinary arc lamp resistance coils and arranging 
them as indicated in Fig. 2, Plate XLV. In ordinary working it was 
found that when sufficient resistance had been interposed to steady the 
arc no adjustment of the resistances was necessary. Mr. Mountain took 
exception to the method of placing the three arcs on one set of resistances, 
as illustrated in Pig. 2, for the reason that when one or more arcs were 
stopped, the current passing through the remaining arc would be inter- 
fered with; but, as explained in the paper, when this arrangement of 
resistances was adopted, only one arc was used at a time. 

Mr. Newitt asked for particulars of an arrangement in which the 
electric arc is directed by the aid of a powerful electro-magnet, and in 
connection with which the writer had a lively recollection of an experi- 
ment conducted by Mr. Newitt and himself some five years ago. This 
system, known as the " deflected arc system," was the invention of Dr. 
Zerener, of Berlin, the sole right of use in this country being vested in 
Mr. T. Scott Anderson, of Sheffield, and was one in which both poles of 
the (lynunio were brought to the welding apparatus (not as in Beiiardo's 
system, one to the article to be welded), and where the apparatus was not 
held by the workman but was suspended over the work. Not having seen 
this particular development of the process of electric welding in actual 
operation, the writer has had no opportunity of forming any opinion as 
to its general utility ; but, in answer to enquiries, Mr. Anderson replied 
as follows : — 

The arc is deflected by ii pair of magnets between which the carbons are regulated, 
and by means of a small screw the arc can be twisted into anv reiinired direction. In 
the large lam])s, sav from 100 amperes ui)wards, the regnlation is performed by a small 
antomatic arrangement, so that the feed of the carbons is kept regular. In the small 
lami)s which are used for brazing and soldering the regulation is performed by hand. 
The larger lamps are used for much the same i)urposes as the Benardo's system, viz., 
for repairing castings machinery, etc., and there is not the slightest chance of burning 
tlie metal. Again, for the manufacture of steel barrels for carrying petndeuni, etc., we 
iind with our system there is not the slightest difHculty, and we have already two plants 
working for this })ur})osc alone, each of 800 am})eres capacity, and we are turning out 
a large (quantity of these barrels every day. We have also done some good welding 
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in tubes and pipe combinations, and here again we find that with our perfect regulation 
there is no chance of burning the metal. The lamp is suspended over the work 
exactly as an arc lamp would be ; the distance from the work must be judged, and 
then the current is turned on, and the flame adjusted at will. I may instance one 
work in particular, viz., the cycle trade, in which it has long been felt that something 
was wanting for brazing the parts, and we have carried out a large number of 
experiments in this line. Two plants are working, and with 80 volts and 30 amperes 
one plant is doing 2,000 brazes per week with one man. For copper and brass tubes 
we have done excellent work both with longitudinal welds and ordinary brazing. This 
work is most economical, and is a great improvement on the old method. Another 
success is in seam welds, and we have done these on all size plates down to ^ and up 
to I inch thick ; this work is indeed one of the finest examples of the deflected arc. 
Of course the reason for the success is the fact of being able to spread the heat over a 
g^ven area, and to r^ulate the amount of heat concentrated upon any one spot. In 
ornamental copper and brass work ^ inch thick we have made perfect welds, and this 
is, as jon know, a difficult matter. 

Mr. Newitt referred to the application of the elecfcric arc to boring holes 
in metal plates as of doubtful utility (but with the redeeming feature that 
no doubt the experiment was very pretty), and gave certain erroneous 
figures as to time, and calculations in regard to cost of this operation, 
which clearly showed that he had not understood the writer's meaning ; 
for although the tube was in the electric shop eight hours (from 8 a.m. 
antil 4 p.m.) it was clearly stated on page 175, that whcii working, the 
holes were pierced at the rate of between two and three per minute. The 
actual time, however, taken to simply pierce the holes, and which also 
represented the time that full current was on, was exactly five seconds per 
hole, and the rate given in the paper, viz., two to three holes per minute, 
also included the time of moving the carbon from hole to hole. The 
current required was 300 amperes at 70 volts, equivalent to 21,000 watts 
or 21 units, which at the rate of 6d. per hour per unit given by Mr. 
Xewitt represented a plant cost of 10s. 6d. per hour. Now, even 
assuming that full current was on for one-third of a minute per hole, the 
total time for which full current would be required to pierce all the holes 
would be 101 minutes or 1-69 hours, which at 10s. 6d. per hour repre- 
sented a total plant cost of 17s. 9d., as against £6 given by Mr. Newitt. 
In reply to Mr. Newitt's question, as to whether as much as 600 amperes 
would be required for repairing the teeth of small cog-wheels, the writer 
be^^o-ed to say that it did not actually require this amount of current, 
although it was advisable to have this amount available at the dynamo to 
ensure good work ; and the results given by Mr. Mountain agreed with 
those obtained by the writer. 




~> 
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ADJOURNED DISCUSSION ON MR. S. 0. KENDALL'S PAPER 
ON "TURRET-DECK CARGO STEAMERS. 

The Past-President intimated, with reference to Mr. Middlemass 
and his remarks at the previous meeting, which had been stopped, that 
they had since received a communication from him. He (the Past-Presi- 
dent) had read it through, and he certainly thought that the way he had 
put his remarks now would be acceptable to the meeting. They were 
confined to a discussion of the turret-deck steamer. 

The Secretary read the following communication from Mr. 
Middlemass : — 
Dear Mr. Duckitt, 

The type of steamer I wish to compare with Mr. Kendall's turret is 
one not unknown to members, Mr. A. Laing contributing a sketch of a 
similar vessel to the Transactions of 1891-2. Mr. Sivewright has also 
(in the discussion on Messrs. Jordan and Marlborough's paper on " Types 
of Steamers ") given us a sketch of one of these steamers. " Three-deck 
mle with wood main deck omitted" describes this steamer better than 
semi-spar-deck, as it is sometimes termed. 

Plate LXVII. shows the profiles of the turret and of a single-deck 
steamer of the above type. Length and beam are identical, but the depth 
moulded of the single-decker is 24 feet 3 inches, and the load draught 
ex keel is 19 feet 1\ inches, \\ inches more than the turret. (It was at 
first worked out to be 19 feet 6 inches, but partly owing to the addition 
of a break poop aft came out 1^ inches more.) This I do not think will 
greatly affect the comparison. The depth of tank is the same, and the 
single-decker is framed with bulb angles, so that both are on an equality 
for tonnage so far as these go. 

The single-decker has the usual centre stanchions zig-zagged for fitting 
wood shifting boards when carrying grain cargoes, and, as I gathered from 
Capt. Petersen's remarks that these shifting boards are also required on 
turrets, has the weight of these been included in the light weight of 
turret ? also the iron or other fittings necessary to secure them in 

position ? 

Ck>mparing the two profiles, the first thing noticeable is the sheer 
in the single-decker and the perfectly straight line of the upper 
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works of the turret. Mr. Kendairs paper gives the reason for this 
absence of sheer, which some speakers seem to have overlooked, viz., 
"simplifying the construction and reducing the tonnage to a minimum ;" 
of course the reduction of tonnage naturally follows the absence of sheer. 
The height of turret-deck is shown on the profile of the single-decker, so 
that the relative height of platform can be seen. I have omitted the 
hood of the turret, as it can hardly be used as a navigating platform 
(judging from the photos of turret steamers), and its value as an erection, 
considering its open after end, must be very small. 

If we consider the arrangements for working the holds, etc., the 
single-decker is at least as good as the turret. In the first place, we have 
one mast and its rigging and smithwork less ; we also save some winch 
piping. The hatches, too, are 24 by 14, and 24 by 16, as against 20 by 
13 in the turret. In addition, the hatch contractors and pillars in wake 
of combings are, as usual, portable, which does not seem to be so feasible 
in the turret. This would give the single-decker an advantage where 
it came to the shipment of large pieces of machinery, etc., and even 
supposing these fixed beams in the turret hatches would not interfere 
with the loading of cargo, they will, I think, hinder quick discharging. 

The shape of the turret sides are, however (in way of the hatches), 
better adapted by their shape for the stowage of grain in bulk, but it must 
not be forgotten that in the beam spaces under the accommodation, and 
also underneath the turret and harbour -decks clear of the hatches, it will 
be quite as difficult to stow cargo as in the single-decker. The additional 
hatch to No. 2 hold shown in the single-decker is also an advantage, as 
it can be used for discharging, which is not the case with the cross bunkt-r 
hatch in the turret. 

The bunkers of the single-decker may, on account of the double- 
deck, rcMjuire a little trimming in the bridge, but she can carry 120 tons 
more coal than the turret without entrenching on the hold space. The 
forecastle also is a proper navigating platform, where a man can keep a 
look-out and the ship be w^orked from. The net register tonnage is 
1,:3()1 tons, practically the same as the turret. 

I have calculated the internal c<ipacity of the single-decker in the 
following manner, viz., to top of ceiling, outside of frames and top of 
beams for the length of the after-hold, 90 feet, and also for the cross 
bunker, main-hold, and fore-hold; a length of 128 feet, the deductions 
being tunnel recesses, tnnnel, fresh water tanks, and donkey boiler recess ; 
hatches are included, also the bridge space from the fore end of casing 
to bridge front, the total being 180,9()6 cubic feet. The fore peak is not 
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taken in, although ifc could, as the profile shows, have with every reason 
been added to the total. I would like Mr. Kendall to give us the turret 
calculated in a similar manner ; hazarding the remark that the spaces 
alongside the accommodation under the harbour-deck will not be of much 
nse for the stowage of any kind of cargo. 

I now come to the deadweight carrying, and in this the turret, when 
carrying heavy cargoes, shows to a decided advantage. The deadweight 
of the single-decker is at 19 feet 7^ inches draught 3,700 tons, and at 19 
feet 6 inches 3,660 tons. This gives the turret (assuming 3,790 tons to be 
correct, and Mr. Kendall can, perhaps, tell us if this weight has been 
carried) an advantage of 130 tons on the same draught, and as the weight 
of engines is the same, and the outfit can only vary 10 tons, due to the 
wood bridge and forecastle decks, and other small matters, it follows that 
a turret can be built to Lloyd's class (the difference between the turret 
classed by Lloyd's and the others not so built being only 5 or 6 tons of 
steel and iron as stated) with about 140 tons less steel and iron than this 
single-decked steamer. 

I might point out that the turret's weight of steel and iron gives a 
percentage of about 17*6 of the load displacement, a result, I think, not 
attainable in any other class of steamer built to Lloyd's rules, 20 per cent. 
being diflBcult to obtain ; and this 17' 6, as there must be a still greater 
difference in sectional area than between the turret and Mr. Kendall's 
single-decker, is rather remarkable. This saving in weight is, however, a 
great advantage in the carriage of heavy deadweight cargoes, but, as in 
ballast the turret will draw 6 feet to 7 inches less than the single-decker, 
will not improve her behaviour in a gale of wind, and, I think, is a slight 
disadvantage, considering the outcry we are having re more water ballast 
in steel steamers. 

With regard to the amount of reserve buoyancy given in Table A for 
the turret steamer, Mr. Kendall is of opinion that 60 per cent, of the 
tnrret erection should be included in this. Was the figure given in the 
table made out on this basis ? 

I would say, in conclusion, that a single-deck ship, of such a type as 
I have shown, while inferior to the turret for carrying heavy deadweight 
cargoes (due to the difference in weight of material) is, I think, as good 
in tonnage and cubic capacity, and is as handy for general trading, 
because if a 'tween deck is at any time needed it can easily be laid on the 
second tier of beams. 

Yours faithfully, 

T. MiDDLEMASS. 
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Mr. T. McNabb said the discussion had been abnormally lengthened, 
which was a proof of its importance. He did not intervene for the 
purpose of discussing technical points of construction involved ; these 
had been well dealt with by shipbuilding experts, nor did he purpose 
saying much from a seaman's point of view. That the vessels were all 
Messrs. Doxford and Petersen claimed for them, he thought might be 
conceded in the absence of information to the contrary. As to the 
criticisms about absence of sheer, or the inconvenience of getting boats 
out and in, these seemed to him very small points. That the boats could 
be easily handled he would take Messrs. Doxford*s word for it, though he 
had not seen the arrangement. There was a certain order of minds that 
could not accept what was new unless the novelties had originated with 
them, or they had been instrumental in bringing them before the public. 
Anything without the range of their experience was no good, and they were 
prepared to fall foul of such novelties — mostly showing ignorance and 
want of intelligence. What was the seaman critic's objection to the turret- 
type ? He had not seen anything like it before, therefore it must be bad. 
He (the speaker) thought too much was made of the absence of sheer in 
these vessels. It was said a good sheer forward kept that end drier than 
it would be without, but the absence of sheer there was well compensated 
for by the height of the turret platform. Objection was made to this type 
because of an alleged unsightliness. Well, other types, the partial- 
awning-decker to wit, were not the most lovely things in ship creation. 
We could not go back to the days of Smiths, Greens, or the Dutch East 
Indiameii for our types, for sailing ships were practically obsolete, nor to 
the beautiful and majestic Inman liners, than which nothing could have 
been more charming to the eye of a sailor, as seen lying in the Mersey some 
years ago — full rigged ships with an iron tube standing up, the use of which 
was only known to the expert. The East Indiamen were gone, and so were 
the Innian clipper Unci's, and managers would not dream at the present 
time of reverting to such types particularly for tramps. N^ous avons 
change tout cela maintenant. Where was the tramp owner who wanted 
such vessels now ? They all went for the type that would make most 
money on the least outlay, according to the trades they were intended for. 
lie confessed he did not like recent developments in the form of steamers, 
but then he recoi^mised that we must have the best money-making 
machine for making money — there was no use trying to ignore the fact 
that that was what steamship owners wanted, and what shipbuilders and 
enirineers put their l)rains in steep to evolve, and he thought Messrs. 
Doxford deserved credit for bringing forth, and Capt. Petersen for 
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giving a full and fair trial to, tbe novelty. He was permitted to see the 

model of the first turret vessel, and while struck with the novelty — the 

hideousness, if one might say so — from the point of view of one 

who had hitherto been accustomed to other forms, he did not 

dare condemn it as unsuited for the purpose it was intended to 

fulfil, and would not do so in any case, but preferred to wait 

development, though from the particulars given he thought the vessel 

would suit the purpose very well, e.e., make money as compared with 

current types. He was favourably impressed with Capt. Petersen's 

statement at Hartlepool. It was a manly one, and such as they might 

expect an intelligent sailor to make. As to Mr. Yeoman's wail about 

the well-decker, it was like "Rachel weeping for her children because 

they were not." Let him and those who have old shipping property, 

whether well or other decked, remember that no lamentations would 

bring back the depreciated part of their property, nor enable the 2,000 

tonnerof fifteen or twenty years ago to compete with the 4,000 or 10,000 

tonner of modem days, having triple or quadruple engines, and 160 to 

200 lbs. boiler pressure. The older vessels as money camera were out of 

it, not because they were wellrdeckera, but because they were old and small. 

And as regarded the vaunted Veil-decker of a past period, and he (the 

speaker) would be the last to depreciate their merits, but with all their 

merits he well remembered that when brought out there were Capt. 

Nicholsons, even in those days. If people will, or would like to retain 

these old vessels — and for the life of him he could not see why 

they should, as patriots, give them away to foreignera to compete with us 

in the trades they had made — why not write ofiF so much of the capital as 

was represented by the reducegl value, and keep the property in their own 

country, where it had been created and paid for ; but this would cut 

more ways than one. Selling old shipping, whether to foreignera or to 

break up locally, meant fresh ordera for shipbuilders, and that he could 

not deprecate, because of the benefits to local and national industries. 

The day of the 2,000 tonner was not yet quite over. He knew that in some 

trades these were more easily placed than the larger, but still, to be worked 

at all profitably, the values must be reduced by at least the depreciation 

or to the open market price. As, he said, the technical points had been 

very well discussed — strains, sections, metacentric heights, rolling, etc. — 

80 that, if he were ever so well qualified, which he did not pretend to be, 

to discnss such mattera in a scientific manner, though having so much to 

do with shipbuilding for the last twenty yeara, he would pass that part 

hy, leaving it to some who, knowing no more, were always ready to pro- 
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nounoe an opinioii on any question — "fools rush in where angels fear to 
tread" — and would simply thank the President and Institution for per- 
mitting him to present his few disjointed and crude observations on a 
subject that was of importance to shipbuilders and shipowners. 

Mr. G. P. MuLHERiox trusted the practical members of the Institution 
would pardon him trespassing upon their preserves ; but there were one 
or two things he would like cleared up. The paper was entitled "Turret- 
deck Cargo Steamers," but only a single instance of a turret steamer was 
given to illustrate the subject. The one particular steamer was probably 
the most favourable of its type, and he believed that in the turret-deckers, 
as they got them larger and larger, their apparent advantages would 
disappear. There was also another point. Mr. Doxf ord showed the profile 
of a partial-awning-decker, and compared it with the profile of the turret 
vessel, but the latter was like one of the characters in a comic opera, turn 
it round and there was very little to be seen. The turret-decker, taken 
all through, showed a height to weather deck of about 29 feet 8 inches, and 
the partial-awning-decker 34 feet 10 inches (5 feet 2 inches higher), and 
the whole of this extra height, together with the excess on each side, was 
good surplus buoyancy. [Mr. Mulherion illustrated his point by a chalk 
drawing.] There was another thing in comparing the tonnages : one was 
struck with the difference in the capacities as compared with the tonnages. 
In all vessels the under-deck tonnage was taken to be a measure of the 
internal capacity, but in the vessels compared the turret-decker gave 131 
cubic feet capacity for bulk cargoes per ton of the under-deck tonnage, 
and the partial-awning-decker showed only 123 cubic feet, and naturally 
the question arose " Why was this discrepancy ? " He would like to know 
how the tonnage ordinates of the turret-deck vessels were obtained? 
They all remembered the attempts to save tonnage with the sloping floors, 
where the first ordinate was taken from the top of the floor and they 
saved so much space. Was it not possible there was a saving through 
some similar cause ? For instance, might not the length of the ordinate 
nearest the so-called harbour-deck be taken within the turret and so show 
a i-educed tonnage ? The point, however, which struck him most was the 
exceediuL^ly small freeboard of 4*8 to the harbour-deck. Lloyd's free- 
board tables were based on the surplus buoyancy. Table A was for flush- 
deck vessels, Table B for spar-deckers, Table C for awning-deckers, and 
Table 1) for sailing ships. There should, he thought, be a Table E for 
tuirct-deck steamers. The existing: freeboard tables were, he tliouo-lit 
only designed to take notice of types up to the time of their publication. 
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and this new type should be arranged for in Table E. Here they fonnd 
a turret-deck vessel with an equipped weight of 1,440 tons carrying a 
deadweight of 3,790 tons, whereas after all the efforts of their ship- 
builders in the building up of modern types of vessels they were only 
able to carry, according to the paper, 3,650 tons on an equipped weight 
of 1,580 tons. Did that suggest their efforts at shipbuilding were futile 
and without results, or did it suggest an undue advantage was being 
given to turret-deck steamers? 

The following communication from Mr. A. E. Muir, which the 
Secretary stated had been seen by the author of the paper, was taken as 
read : — 

Dear Mr. Duckitt, 

Whilst Mr. Kendall is to be congratulated for the able manner in 
which he has dealt with the various points of turret steamers, I would 
like to make a few remarks on the figures given in the paper. The 
strength of the turret over the other types compared, cannot, I think, be 
disputed, but I hold that the comparisons are unfair, insomuch that the 
turret is classed with a different registry, viz., Veritas and British 
Corporation against Lloyd's for the other steamers. The turret steamer 
built to Lloyd's would require a much larger weight of material ; for 
instance, a higher tank without increasing the strength of bottom girder. 
I venture to suggest that if Mr. Kendall either put single-deck and 
partial-awning-deck ships to British Corporation and Veritas, or vice 
versa^ the turret to Lloyd's, then show comparisons of deadweights, 
strengths, etc. 

Deadweight — Having gone into Mr. Kendall's paper to a considerable 
extent, and compared the types with vessels already built, I notice some 
very large differences in the figures given in Table A of the paper which 
I would like him to explain. With reference to deadweight in the turret 
steamer I notice 3,790 tons is given, and also 3,650 tons given as dead- 
weight for the partial-awning-deck, both of which I think should be 
reduced by about 100 tons, which will materially alter the ratio of 
deadweight to load displacement ; also ratio of net register to dead- 
weight cargo and ratio of case and bulk cargoes. Assuming my 
calculation of deadweight to be correct, instead of the partial-awning- 
deck ratio of deadweight to displacement being 69*8 per cent, it is G7*9 
per cent., and the turret being now 70*55 per cent, instead of 72*5 per 
cent, as given by Mr. Kendall, so that now the increase of turret over 
partial-awning-deck is only 2*65 per cent., the same as the single-deck 
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ratio of deadweight to displacement. I may also observe that Mr. 
Kendall assumes close bulwarks on the single-deck ship, as against open 
rails in the turret. Could not open rails be fitted with advantage to the 
single-deck vessel, and by that means lighten the ship to compare with 
the turret ? 

Tonnage. — As I have tried a comparison with several known steamers 
I fail to find out how Mr. Kendall works his tonnage in single and 
partial-awning-deck to make the under-deck and gross tonnages of both 
types so large. I think a reduction might be made in the partial-awning- 
deck under-deck tonnage by something like 20 tons, and in the single- 
deck ship by about 83 tons, and also by allowing an open bridge in the 
single-deck vessel the gross tonnage may be reduced by about 100 tons, 
and the net would then be 70 tons less than that shown in the paper, and 
thereby decreasing the ratio of net register to deadweight cargo by about 
3 per cent. Furthermore, if the single-deck was allowed an open fore- 
castle and sunk crew space, as in the turret, also having an open bridge, 
the gross tonnage might be still further reduced by 68 tons, and the net 
reduced 40 tons, and altering the ratio of net register to deadweight 1^ 
per cent. It will, no doubt, be said that doing this will reduce the 
capacity ; that is granted, but the capacity is not reduced to the same 
extent as the tonnage. So far as I can make out the turret-deck steamers' 
tonnages are correct on the same basis as my figures are all taken at. 

Cargo Capacity, — Again, referring to capacities, I have made the 
turret-deck bulk capacity some 9,000 cubic feet less than shown in the 
pajxir, and in the case of the single-deck 2,000 less, and in the partial- 
awning-deck 2,000 less. As tonnage is a measurement of capacity, I 
cannot see how the turret can have so large a capacity as given in the 
paper when the under-deck tonnage is so small. Perhaps Mr. Kendall 
will explain this. Making a summary of the preceding, it will be 
observed that the turret cannot claim all the advantages shown in the 
paper, and I think the writer has given the single-deck ship an unnecessarv 
shelving, as by comparing my figures it will be seen that the single-deck 
steamer compares favourably with the turret in respect to tonnage and 
capacity. 

Yours faithfully, 

A. E. MuiR. 
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MR. KENDALL'S REPLY. 

Mr. S. 0. Kendall remarked, in proceeding to reply bo the speakers 
on his paper, that it had been said the discussion was abnormally long. 
Well, if it had been extraordinarily long, it necessarily followed that 
the reply should be at some length ; but he had tried to contract it as 
much as possible, and still to cover all the essential points raised in the 
discussion. He must crave their indulgence if he should happen to take 
up a good deal of their time. Before replying to the various remarks 
and criticisms which had been made in the course of the discussion on 
this paper, he thought it was due to both Messrs. Doxford and himself to 
make a personal explanation as to the origin of the paper. From the 
remarks of some of the speakers, there would appear to be an impression 
that this paper wat* inspired by Messrs. Doxford and written at their 
suggestion. He was sorry that this impression should have arisen, and 
he wished to state that it was entirely erroneous, and that Messrs. 
Doxford had nothing whatever to do with the paper. He chose the 
subject of turret steamers on account of the general interest which he 
thought it would have, and because it seemed to him extremely fitting 
that it should form the subject of a discussion before this Institution, as 
the turret vessel might be said to be a product of the North-East Coast. 
After asking the consent of Messrs. Doxford, he had no further communi- 
cation with them on the subject until the completion of the paper in its 
present form. The particulars as to deadweight, given in Table A, page 
223, were obtained from actual draughts taken for another purpose some 
twelve months ago from the S.S. " Turret Bell " (the original of the vessel 
whose particulars were given), and the displacement scale from which the 
weights were taken, and all the rest of the figures were from independent 
calculations, so that none of the results given for the turret steamer were 
from Messrs. Doxford's unsupported figures. He felt it necessary to make 
this explanation, because he thought for a paper of this kind to have any 
value at all it should be written without bias or prejudice in either direc- 
tion, and this was what he had tried to do, though with only moderate 
gucccss he was afraid, for he repeatedly met with charges of unfairness to 
the ordinary type of vessel in the course of the discussion, and he wished 
to state that if it could be shown how better results could be obtained 
than those given in Table A, no one would be more ready to acknowledge 
that improvement than himself, no matter what the type might be. 

VOL. Xt-Mi*. 2* 




Oenenit)' upeakhtg, the lemub m^^t be divided into two eecttone. 
One in wbidi the peoolkritiee and defects of the tarret gteamer were 
orituaaed, uid the other in wfaic^ aa tttatt was made to discouot the 
advantogee at iha tttmt steamer I7 Hhowing; :— First, that an inferior 
tjpe of veeeel had been choaen tai the purpose of comparison ; and, 
secondly, that the ohoeen types bad been nufairlj treated. Now, aa 
the latter critiGUin more partibnlarij aflbotfid the ixapartiality and con- 
sequent]/ tbe Talne of the whole paper, he pioposcd to deal with it grst. 
As regarded the type of vesad ohMen for oomparison with the turret, 
there seoaed to have been a pirtty genenl idea among some of the 
epeaiken that if thej had had the dioioe at the types and the working 
ont of the figures thqr oonld have prodnoed better results. Mr. Coattier- 
Dotton regretted that he shoidd hare tdmn that hybrid type of vessel, 
thp part-awning-deoker, tar oomparisim. Oapt. NicbolsoD, on the other 
hand, thon^ that the part-awnihg-deoker' was the only veasel worthy 
of ooneideratioii, and that the ain^b-deak steamer was entirely obsolete, 
and waa diaoarded in the earij aerent^s. By the way, this latter 
gentleman had faOen into a ooriona anor in this respect. If be would 
show him or give him particnian of a veaad of 23 feet 6 inches depth 
monlded, built either in the eai^ aevcoties or the early eighties, with 
only a asglB deck, he woold be very mnoh obliged to him There waa 
ao doalA that the single-deok vesad to irtaoti he referred waa a vessel 
of Booh dimensiona aa only to require one kid deck according to the 
rules ; but the veasel nnder consideration was not of this type at all, ahe 
required, accordiDg to the rules, two complete laid decks, bnt as the 
second deck was not needed, it was no nae putting it in, if the strength 
could be compensated for otherwise. But even accepting the mngle- 
decker and part-awning-decker for comparison with the turret, it had 
been maintained by several speakers that they had been onfairly treated. 
Now, he thought he could show cleariy that this was not the case, and 
that the complaints of unfairness were for the most part fonnded on 
erroneous assumptions. For instance, Mr. Thompson said that from the 
section shown in Plate L VIII., the single-deck steamer had a tank 2 inches 
deeper thau the turret, and that this reduced the capacity of the former 
accordingly. This was not the case at all. An examination of the 
section referred to would show that it was simply a sketch showing 
Lloyd's scantlings for the purpose of comparison of strength ; it bad 
nothing to do with the general design, and in calculating the capacities 
and tonnage the same depth of tank and of frames was taken in all three 
cases. Again, Mr. Thompson said that tbe vessels he had chosen were 
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very ordinary cargo vessels, and that the more modern types would have 
given better results. He would have been very pleased to have had some 
information r^arding these modem types, and he regretted that Mr. 
Thompson did not enlighten them on the subject. 

In order to test the accuracy of the figures given in Table A, page 223, 
he compared his with those which Messrs. J. L. Thompson kindly placed at 
the disposal of Messrs. Jordan and Marlborough in their valuable paper 
read before the Institution two years ago. In that paper the part-awning- 
deck steamer was unquestionably shown as the best deadweight carrier 
and the least costly of any type of cargo steamer. Now, all the vessels 
given in this paper had '78 displacement coefficient, whereas he had a 
coefficient of '795 ; reducing this coefficient to 78 would take exactly 
100 tons off the displacement. Now, even if he took the whole of this 
100 tons from the deadweight without allowing anything for the reduc- 
tion in the weight of hull due to the finer model, he found that he gave 
fche part-awning-decker 3,550 tons deadweight, while in the paper 
referred to this type of steamer was only allowed 3,500 tons, and at the 
same time the net tonnage and the cargo capacity almost coincided in 
each case, so that there did not appear to be much unfairness there. 

Ab regarded the single-deck steamer, on comparing her in the same 
way with the three-deck steamers given in Messrs. Jordan and Marl- 
borough's paper, he found that he credited the vessel with 100 tons more 
deadweight, about 20 tons less net register, and 2,500 cubic feet more 
cargo capacity. Even allowing for the difference caused by the absence 
of the 'tween decks, he thought it would be generally admitted that if 
hiB figures were so much better than those of Mr. Thompson's esteemed 
firm, they must be very good indeed, and not so ordinary as he supposed. 
Another point he might mention in passing was the indicated horse- 
power, although this had nothing to do with the turret steamer. Mr. 
Thompson said 1,050 indicated horse-power was too much for 9 knots, 
but he found that the vessels he had quoted above took 1,150 to drive 
9^ with 100 tons less displacement, so that he did not think 1,050 indi- 
cated horse-power could be far out. 

Then Mr. Thompson had several grievances against the sketches shown 
in Plate LVI. For the most part they were mere matters of detail and 
arrangcDa®^^' and would have no appreciable effect on the figures given in 
Table A. For instance, he said the main mast could be placed between 
the two after-hatches, and the mizen mast be saved. Quite so, but what 
was to prevent the same arrangement being carried out in the turret. It 
Amply a matter of option, and it had evidently been found preferable 
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to fit the three masts, for there was notbiag vhntcver to prevent them 
earing Uie ^dzd mast if there was anything ia it. Then Mr, Thompson 
tiiosght better retalts woald follow by putting the cabins in a sunk poop 
. aft. That might be, but one result would be that in bad weather the 
difflcnltf in getting back and forwards would be very great, and if 
ttug arrangement were adopted be would say, why not go the whole 
hog at oDoe, and make her bd awuing-dcck ship F One objection was that 
the veeeel woold bee her 180 or 200 feet forecastle which was so useful in 
keeping die tonnage down, but it was carloaH to think that if any man 
.twenty yeare ago had proposed to take an awning-deck ship and cut away 
the main deck for about 80 feet in the after-hold and there drop the 
avnJng-4eok down about 3 feet 6 inches, and had claimed to have im- 
proved the odgiml design by doing bo, he would have been laughed to 
■oom, yet this ifaa what they had come to in this part-awning-decker with 
a Bimk poop. He did not say this in disparagement of the type, but 
merely to ihow how, by gradual stages, a type could be evolved, which 
would have been treated with derision had it been originally introduced 
in ite ultimate form. 

Anottier gaitlemsn, Mr, MiddlemasB, seemed particularly grievtd at 
the treatment of the single-decked vessel. With regard to his remarks, 
he mnat ny that he waa very sorry that he could not make better use of 
dte time at hia diflpostd than to repeat in a great measure the details of 
Mr. Thompson's criticism, which he no doubt heard at Hartlepool. 
There was that third mast — they had that before ; then the depth of the 
double bottom and the depth of the frames in the turret being Ij inches 
deeper than the ordinary vessel — they had that before ; the after wheel 
house, with 3 feet too much on the length of it, and, in addition, a half 
round on the edge of the sheer strake. These things struck Mr. 
Middlemass very forcibly as a great injustice, but with marrellous facility 
he made a change of front, and suggested that the vessel had been treated 
too favourably, and that the hold beams and web frames would require to 
be increased to meet Lloyd's requirements. In the case of this com- 
parison Lloyd's nik-s had nothing to do with the matter beyond furnishing 
a standard for oomp.iring the longitudinal strength. The paper was 
prepared on the basis that the ordinary vessel was entitled to any arrange- 
ment which was applicable to the two types, and he thoaght it would be 
admitted that the ordinary vessel might be allowed the same bold 
stiffening as the turret, except for the advantage which the rounded 
gunwale, and the absence of sheer gave the latter. 
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In passmg, he might notice the curious contradictions which occurred 
in some of the remarks. He had mentioned the differences of opinion as 
to tjpe, and in addition, on the one hand, it was said that the ordinary 
vessel had been unfairly treated, loaded down with an extra mast and 
three feet of deck house, etc. ; and, on the other hand, they had the 
commanication of Mr. Muir asserting that 100 tons should come off the 
deadweight ; and, again, some of the speakers had complained of the 
nnfaimess of comparing the turret with vessels classed at Lloyd's, and 
others that the ordinary vessels in Table A would require increases to 
make them up to Lloyd's rules. As to the facts of this latter point he 
did not think it necessary to do more than refer these gentlemen to the 
remarks of Mr. Doxford as to the extra weight in the turret vessel classed 
at Liloyd*s. Mr. Middlemass also asked. Why should not the ordinary 
vessel have flanged floors, bulb angle frames, and all the advantages of 
modern improvements? A little consideration would have shown this 
gentleman the reason. As he said before, the scantlings shown in Plate 
LVIII- were simply those of the rules taken from the tables for the purpose 
of comparing the longitudinal strength, and for obvious reasons he did 
not think it desirable to make any deviation from the rule scantling ; but 
he oonld assure Mr. Middlemass that the capacities were calculated with a 
38 inch tank. The tonnage was calculated with frames the same depth 
as the tnrret, and in calculating the weight of the single-deck vessel, 
exactly the same structural arrangements were allowed for in both vessels. 
Where material was flanged in the turret it was flanged in the single-deck 
vessel, and the half-round moulding on the upper edge of the sheer strake 
was not included in the weight. He had no doubt it would be a satisfac- 
tion to Mr. Middlemass to learn this, but he would have much preferred 
if he had stuck to the figures in Table A, instead of quibbling over small 
details. If he considered that the allowance of deadweight was a fair 
figure for the type, then he thought he might have let these small things 
alone, and he suggested that had he confined himself to the essential 
features of the design, and introduced the semi-spar-decker at first, his 
remarks would have been very interesting. Mr. Middlemass also said the 
single-deck vessel was an obsolete type. Now, he would not have 
exx)ected him to fall into this error, but what surprised him was that the 
very type which he proposed to substitute was practically the same as the 
single-decker, for what was a semi-spar-deck vessel but a single-deck vessel 
with a tier of beams. But why fit a tier of beams if they did not want 
them, and could get the strength in other ways ? The turret vessel had 
not got a second tier of beams, so in the case of the semi-spar-decker 
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' thef oompennted t<a then bwna with strong hold beams and web ' 
frames, and then, sooording to Ur. Hiddlemass, they had an obsolete 
ship, extiitot in th» Mreatin or eif^daei. Probably, bad be called (be 
t^pe A Bemi-ttme-deoker, so great w«8 die power of a name, that she 
wonld hsTB been oonrnderod a new tiung. 

He wonld like to drop a word of wamiug, in pafisiag, to those owners 
irtio were going in for veanlB with a tisgr (tf cQain deck beams unprotected 
by a laid deok. The ezperienoe he had had with older vessels where this 
had been done, was that Uie deterioration Lad damage was eo great from 
the tximming of coal and other bnlk oaqcoee past the beams that in a few 
yearB tben beamB and also tisa nniooteotod Btringer and tie plates required 
to be renewed or -nxj laigdy npaired. 

On looking over the fignrea given in Table A, in the light of the 
oritioiBm, be did not think they wero very far from c^irrect, but he quite 
agreed that the tonm^^ of the ain^e-deok steamer could be considerably 
ndaoed, eren as low u 1,860 tons net ngister, by making an open fore- 
oastle, putting the orew below the npper deck, and opening up the bridge, 
bnt ^ what a oast in the effleienojr of the vessel. Thtise erections were 
aflsnmed to be doeed in in order to get the full benefit for freeboard, bat 
not only this, they were of vitid in^iortaDoc tu the stability, and if left 
open, instead of bung as aid they woold tie most inimical to her safety, 
and she would have a veij pom onrve of stability without erections ; 
indeed tbs cnrre wonld vanish at 76 degrees with as much as 275 G.M., 
but there was no doubt it was quite poasibK' to get tbe net tonnage of 
the single-deck vessel down as low as that of the turret and still have 
almost as much capacity ; but there was this difference, that whereas the 
turret attained this without any sacrifice of efficiency as r^arded atability 
and reserve buoyancy, the ordinary low freeboard vessel made considerable 
sacrifices in both these qualities in effecting the desired economy in 
tonn^e. It was wonderful the results which could be obtained with a 
bttle judicious dodging in the erections. Both Mr. Thompson imd Mr. 
Sivewright had mentioned vessels with a large cubic capacity and small 
net tonni^. The latter gentleman remarked that this end was attained 
by building the vessel with deep frames and "other arrangements." 
Now, there seemed to be a good deal of reticence with regard to these 
other arrangement. He would not pretend to say what they were, bnt 
he knew one way was to construct a vessel with as small an nuder-deck 
tonnage as possible, and then put on a good sized poop, bridge, or fore- 
castle ; any or all of these erections as might be desired. Then by placing a 
bulkhead at the Eore end of the poop and leaving a hole in it, a solid balk- 
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ckt> tlie fore end of the bridge, and a bnlkhead with holes in it at the 
softer* end, some carious results could be obtained, for when the vessel 

for freeboard these erections went in as surplus buoyancy ; 

measured for tonnage they became open spaces, and conse- 

C|Txeiitily were not included in the tonnage ; and when she was measured for 

cairgo capacity these erections became efficient closed in spaces, suitable 

for carrying dry and perishable goods to all parts of the world. In this 

vray aome marvellous results could be obtained in the ratio of capacity to 

net register, but the question was, were these spaces fit for dry and 

periflhable goods if left with such openings as to warrant their being 

excluded from the tonnage ? Were they not simply covered-in spaces for 

declc cargo ? He had no doubt ample provision was made for closing up 

tliese openings with portable plates ; in fact he would not give much for 

the safety of the vessel if they were not ; but he thought, in the interests 

of underwriters, charterers, and in fairness to other vessels, open erections 

of such a character as to be excluded from the tonnage should be noted 

as such in the register. This arrangement of erections was a distinct loss 

where vessels were running with deadweight cargoes of even moderate 

density, for every foot of open erection meant so much off the deadweight, 

80 much on the top hamper of the vessel, and so much on the first cost. 

He would also like to point out that such erections are always included in 

the Suez canal tonnage, and also that if cargo is carried in these spaces, 

dues, etc., could be claimed on the tonnage of them if they were known 

to be omitted from the tonnage. He did not suggest that a shipbuilder 

or owner was in the least to blame for adopting such methods of reducing 

tonnage. The law, as at present constituted, allowed this anomaly, and it 

was only another instance of its inconsistencies; but he thought the 

difficulty would be removed by marking these erections as " open " in the 

roister. 

He now proposed to reply briefly to the criticisms on the turret 
steamer, which had not yet been answered, and he must thank Capt. 
Petersen and Mr. C. D. Doxford for having considerably lightened the 
task, for without their valuable remarks he could not possibly, in the time 
at his disposal, have covered all the remarks in the discussion. 

Mr. Courtier-Dutton, he was pleased to find, was in pretty general 
a<^reement as to the technical merits of the turret type, and he quite 
endorsed his opinion of source of danger to stability of bridges and erec- 
tions not fully closed in. Capt. Nicholson's remarks had, he thought, 
been pretty fully and satisfactorily dealt with by Capt. Petersen and Mr. 
Doxford, and he would only refer to one or two points. He said the 



8H 



IIIBCC88ION — TURRET- DECK CARGO STEAMEE8. 



tmnCB tupttitj for oasb cargo would not be 48'7 cubic feet per ton, ha 
matt like 15 cnbic feet : this woald mean that the figorc be gave is 
18^000 cabic feet too mnch, and be wondered if Capt. Xichalson expect 
fits rtkBeaog to take bis mentnl calculations seriouely. He could asaH 
bJm these nnlta were not turived at by rule of tbomb, but by c 
caloDlation. Again, be asked, was any dednctions made for tbe brolt^ 
stowage at the round of tbt: turret gunwale. Certainly not ; be would, 
more think at deducting anything there than be would of making a de<L "■ 
tiaa at tbe rounded bilge of a vessel with ordinary Qoors. Then ( 
NiohcdBm said that bulk cargo was always trimmed itp between tbe bea-*^^^ 
He did not believe that bulk cargocouJdbe got within an average diH(a.:K=^ 
of 6 inohes of tbe deck, and be did not believe be (Capt. Xicholeon) b* — ' 
ever seen a oargo ho trimmed. As a matter of fact the single-decker con-^ 
not oany bulk grain up to tbe deck for the regulations would require tfc^' 
oppa 26 ptt cent, to be bagged, unless tbe batches were increased in m-^ . 
to, he b^ierod, 2 per cent, of bold capacity. What be (Mr. Kendall^^ 
wiahed to point out was tbe superiority of the section of tbe tmret for allov- "^ 
ing grain to trim down between the beams as compared with a flat deck, 
and a hatoh coaming coming down below tbe deck, cfTectually stopping 
any sndi movement. Capt. Nicholson was much amused at tbe idea of 
die tonet vessel carrying deck cai^oes. Well, they had repeatedly done 
it in a Batiafactory manner, and there was nothing amnsiug in that. At 
ttie meeting of March 12tb be showed a photo of one of these deck cargoes 
loaded up ;,UuB was now reproduced in Plate LSVIII.,andgavea good idea. 
of the anaogement. This gentleman as wel! as others thought he claimed 
an exclnsive advantage in stability for the turret stetuner, owing to her 
l^bt rig. He did nothing of tbe kind ; what he did say was that a veeael 
with light rig and little top hamper did tvA require the reserve of stability 
which a heavily rigged steamer or sailing vessel did, irrespective of type. 
Capt. Nicholson's remarks about tbe sea qualities of tbe turret would 
have been more effective had they been utt«red two and a half years ago ; 
in fact they bore a strong resemblance to the remarks of the gentleman 
who prophesied disaster on tbe first voyage of the turret. He at least had 
then tbe excuse that the type was nntried, bat Capt. Nicholson's prophecin 
after the event were contrary to the facta of the case. So he said there 
was something wrong with the facte ! If a man could not take the official 
\og books of a vessel then there was nothing more to be said. It really 
seemed to him, with all due respect to Capt. Nicholson, that the key-note 
of his remarks on this point of seaworthiness was prejudice. Ospt. 
Nicholson's estimate of coal at 51 to 55 cubic feet per ton was entirely 
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^^ * "jjjg lightest (joai ever shipped did not exceed 48 cubic feet per 
^^ ^\iiB was a very liberal estimate. 

* Watson, the next speaker, seemed also to be prejudiced. It was 

^^^^iixg the difficulty of impressing people with the fact that the turret 

ow ^^ijgj. ^^^^ |.j^g g^jjjg ^ j^jjy ordinary full tramp. The charge " wall- 

^ ^d flat-bottomed " might be brought against almost all full cargo 

T^^ciB. Perhaps a voyage or two in a turret would be the most con- 

«^^^ixig argument for this gentleman which could be brought forward. 

^ ^oald be pleased to give Capt. Watson an explanation of the stability 

^^Ves shown in Plate LIX., but he thought that was hardly the place for 

^^ Explanation of the elements of stability. 

Be thought Mr. Thompson must have misunderstood Capt. Petersen 
^"^^h. r^ard to seas washing over the turret-deck. He found no such 
^^^tement in his remarks as Mr. Thompson attributed to him. 

3MLr. Amison's estimate of the reduction in the longitudinal strains of 

^b-^ turret was overstated, he thought. The reduction in weight of vessel 

^t ends was quite inappreciable compared with the reduction in weight of 

^^^^J^o ; but when an ordinary vessel was carrying deadweight cargoes not 

^Uing the holds, then the weight could be reduced in the forward and 

^ter-holds of an ordinary vessel, and the curve of loading would be 

iiiore practically the same as the turret vessel. 

He must thank Mr. McGlashan for his straightforward and clear 
criticism. He had not confused the issues with unimportant details. 
Bis great difficulty appeared to be the apparent anomaly in the turret of 
a higher capacity and lower net register than ordinary type. He had 
already shown how this came about, and how the ratio in an ordinary 
vessel might be increased. He also said it was almost impossible to have 
a high capacity and a low net register. Mr. McGlashan thought the 
impofflible had been achieved in the turret vessel, but a moment's con- 
sideration would show that, although the turret had a low tonnage, she 
had only a medium capacity. 

Mr. Fothergill said there was more than one steamer with cubic 

capacity, measurement, and draught for deadweight carried, equal to the 

turret steamer. There was not the slightest doubt about that. He had 

stated that on a capacity basis there were many vessels superior to the 

turret ; the point of comparison was the ratio of deadweight to displace- 

nent, and on this basis he did not think there was any type of vessel 

7hich could compare to the turret. The same remark applied to the 

itio of deadweight to net tonnage for vessels of similar dimensions, 

tough in small vessels the net tonnage was so erratic on account of the 
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propelling apace dedaction that some very curious results often occnrred, 
ae already pointed oat by Mr. Thompson. He quite agreed with Mr. 
Pothergill that the appearance of sheer on an ordinary vessel led to a 
misconception as to its valae. Certainly sheer enabled a vessel to lift 
readily to a head sea, but there was not much use in that if the water 
came over in the waist of the vessel at a point some 10 or 12 feet below 
the level of the forecastle head, and this was the weak point where most 
vessels shipped seaa ; but with the turret, if the sea did not come over 
the forecastle bead, which from all accounts it did not do, it had very 
little chance of coming on the turret-deck further aft. 

Mr. Greenhow whs very enthusiastic as to the commercial advantages 
of the turret type. He had no doubt iiis confidence was quite jnstified ; 
at least one firm of anipowners liad found it so to their satisfaction, bat 
he had preferrwl to stick to the technical side of the question, leaving the 
commercial aspect to those better fitted to de.tl with it. 

He quite appreciated the value of Mr. Jordan's remarks as to the 
varying ratios with difi'erent sizes of vessels, but he wished to point out 
that an e-^teoded comparison only confuBed the issues by presenting a 
mass of figares of secondary importance which coold not readily be 
grasped, and on the other hand involved a great amount of extra work. 
The turret chosen was one of average dimensions, and the results wore 
about an average. In larger vessels a poorer comparison might result, 
and in smaller ones a better one would be obtained. He did not consider 
the Bpar and awning-deck types aa applicable in this case for compariBon ; 
they were capacity vessels pare and simple, and the turret chosen 
was a deadweight boat. Mr. Doxford was confident that a capacity 
turret vessel could be constmcted, but it would be premature to discuBS 
such a vessel ontU it was put into practical shape. 

Bearding the communication of Mr. Middlemass, he was sorry, as he 
said before, that he did not introduce his semi-spar-decket earlier at the 
Sunderland meeting. With regard to his Fesulta, though Mr. Middleman 
did niA. say so, there was no doubt that they were obtained by the procen 
to which he before alluded to. The capacity, he said, included a con- 
siderable quantity in the bridge, but there was no tonn^ in this erection ; 
by a judicious arrangement of portable plates this space was blocked op 
or left open according as surplus buoyancy, tonnage, or cargo capacit' 
was under consideration. He dared say this change of front was con- 
paratively easy when the matters were dealt with at different times, bat a 
a discussion like this all three were considered at once, and it was rat^ 
difficult to say in one breath that a certain space was closed in, that it ^w 
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open spaoe not available for dry and perishable goods, that it was 
efficient doeed-in cargo space and suitable for any class of cargo. At any 
rate he (Mr. Kendall) would not call it judicious to do so. This, how- 
ever, was what Mr. Middlemass had done, for by no other way could he 
get the ratio between capacity and tonnage which he had. He might 
have got much better results by extending the bridge further forward — 
the farther forward the oetter for the figures. Mr. Middlemass had taken 
his capacity to the top of the beams, so the results obtained could be 
valned accordingly, but he wished he had given the case capacity, as he 
wo aid have found the second tier of beams somewhat in the way. 

Mr. Middlemass wrote to him privately and asked him, among other 
things, if the grain shifting boards were included in the equipped weight. 
He assured him they were, and he failed to understand why he should 
repeat the question. He had seen his sketch showing a section of the 
turret vessel with the accommodation in it. Well, he must say that Mr. 
Middlemass had drawn upon his imagination in drawing that accommo- 
dation, for it was not of that form at all. No one would ever dream of 
running ap a bulkhead perpendicularly to meet the sides of the turrets as 
he had done. It would be impracticable. 

Mr. Muir in saying that 100 tons should come oiBF the deadweight of 

the turret evidently overlooked the fact that she was an actual vessel and 

had. carried the deadweight named. As for the part-awning-decker, the 

original fix)m which the figures were calculated was one of the very latest 

productions of this type, of almost exactly the same dimensions and 

draught, so the deadweight given might be relied upon. He agreed with 

Mr. Muir that the tonnage of the single-decker might be reduced as he 

suggested, but, as he said before, only if other important qualities were 

ignored. He was afraid Mr. Muir was out of it with his capacities. If 

his figures were correct for the turret, then the sister ship of the original 

vessel would not have carried the amount of cargo which she had 

repeatedly loaded, and this was a far better guide than any figures. 

There were one or two remarks he would like to make in connection 
with Mr. Mulherion's observations. He pointed out the difference in the 
diiape of the turret steamer and the part-awning-deck steamer at the fore 
end. That was quite true. The part-awning-deck steamer had very 
much more buoyancy at the fore end to lift her out of head seas than the 
turret steamer. But the point in question was, Did she not require more ? 
because the turret steamer, evidently from the experience had with her at 
0ea, had never met with any difficulty through not lifting with sufficient 
rapidity to the head seas. This was far better proof than any calculations 
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that might be made on the mbject. They would at once perceive the 

difference between the part-awniiig-decker and the turret steamer. If the 
part-awning-deoker did not lift the water came over at the lower level and 
flooded the navigating platform at once. With the turret steamer it was 
immaterial ; she might only rise to a limited extent, hut there was no harm 
done, the harbour-decks at the side were flooded, and afterwards the water 
fell off at each side; but there was no danger of the water coming on 
board at the central part, the most important part of the vessel. Another 
point, which had an important bearing on the sea qualities of the turret 
type, was, tliat in driving into a head sea acd taking water over the 
harbonr-dcck at the fore end, as a general mle it would be in such free 
communication with the surrounding sea that there wonld be no we^ht 
of water on the deck at ail to prevent her rising, like a deadweight of 
water filling np the well or bulwarks of an ordinary vessel would. This 
fact Lb not, aa a rule, fully appreciated, but, nevertheless, it is one of the 
first principles of hydrostatics. He (Mr. Mulherion) remarked upon the 
discrepancy of the turret steamer tonnage and the cargo capacity. There 
was nothing very extraordinary about this in reality, for he bad shown 
that a single-deck steamer could give similar results. If they only went 
about with the object of reducing tonnage, they could get quite as good 
results aa in the turret steamers, but in arriving at that they forgot other 
things. Regarding the tonnage meaaurementa at the harbour-deck there 
might be something in that, but what there was was very slight indeed. 
The measurement of the outer ordinate was not such as was assumed in 
the skeU;h, but measured as far out aa the flat of the deck rung before the 
round came in. Oertaiuly there was a slight gain in tonnage at that 
point, but it was quite immaterial. There was one other remark abont the I 
freeboard of this vessel. He had been asked if in the freeboard assigned 
to the vessel he had chosen, 60 per cent, of the buoyancy of the turret 
erection was taken as available buoyancy. Well, he did not know anything 
about that, he simply had taken the statutory freeboard as it was assigned 
to the vessel ; but he could say that this question of the freeboard of the 
tiuret steamers had received the full consideration of all the societies which 
were appointed by the Board of Trade for the assigning of freeboards. 
It might not be generally known, but there was a commission of all these 
societies, and they discussed this very point. The result arrived at might 
be considered by some too favourable to the turret steamer ; it might be 
considered by others very unfavourable to the type ; but the amount that 
was given was 40 per cent, of the baoyaucy of the turret erection cod- 
aidered available for freeboard purposes. He believed that this decision 
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was only to apply temporarily and that at the end of a certain period, 
when sufficient experience had been gained as to the sea qualities of turret 
vessels, the matter would be reconsidered. 

In conclusion, he begged to thank those members who had con- 
tributed to the discussion. Of course there were diflPerences of opinion, 
and always would be on such a subject as this, but it was only by 
discnssion that the correct value of an arrangement could be arrived at, 
and the conclusion he came to was that the best results would be given 
by each type in the particular trade for which it was suited, or, briefly, 
each to his trade. But for an all-round tramp cargo steamer with a 
large deadweight, small tonnage, and medium cargo capacity, and easy 
facilities for the trimming of bulk of grain cargoes, he thought that 
the turret-deck cargo steamer was at present superior to any other type 
intended for similar purposes. 

The Past-President said he had very great pleasure in moving 
from the chair that the best thanks of this Institution be given to Mr. 
Kendall for his paper on the turret-deck steamers, and also for his 
admirable reply on the discussion. The benefit of the papers put before 
them was much enhanced by the discussion and the reply, and in both 
these respects this paper stood very high indeed. 

The motion was put to the meeting, and carried by acclamation. 




k 
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ADJOURNED DISCUSSION ON MR. G. H. RAINES'S PAPER ON 
** THE METRIC SYSTEM OF WEIGHTS AND MEASURES." 

The Secbetabt (Mr. Duckitt) said that at the last general meeting 
Col. A. Robson gave notice that, in connection with Mr. Raines's paper on 
** The Metric System of Weights and Measures," he would at the present 
meeting move the following resolution : — 

*'That this Institution, observing that a Select Committee of the 
House of Commons is considering our system of weights and 
measures, and whether any change should be adopted, is strongly 
of opinion that the early adoption of the decimal and metric 
system would be a national benefit to the people of the United 
Kingdom. 

*'It believes that it would greatly promote the expansion of our 
foreign trade, and also simplify business transactions at home. 

"The Institution is of opinion that the transition can be effected 
with very little hardship to traders, manufacturers, and the 
public generally, and that by conferences in various parts of the 
country any difficulties in special trades could be easily adjusted. 

"That a copy of this resolution be sent to Sir Henry Roscoe, 
chairman of the Select Committee." 



The Past-President said the Council at its last meeting had con- 
sidered the terms of the proposed resolution, and desired it altered to 
read as follows : — 

"That this Institution, learning that a Select Committee of the House 
of Conmions is considering our system of weights and measures, 
is strongly of opinion that the early adoption of the metric 
system would be a national benefit, and would greatly promote 
the expansion of our foreign trade, and also simplify business 
transactions at home. 

"That a copy of this resolution be sent to Sir Henry Roscoe, chairman 
of the Select Conmiittee." 

Widi Hr. Baines's sanction, he should move that this be substituted for 
the motion sent in by Col. Robson. 
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Mr. G. H. Bainbs said he thought the rcBolution as drafted by Col. 
Robaon was of a practical character, yet the Council in their wisdom 
thought the assertion that change from the present to the metric system 
would not inflict much hardship upon the country would be open to 
question, and so they had nwlified it. On behalf of Col. RobBon and 
himself he begged to accept the resolution as amended. 

Mr, T. MuDD said no one, he thought, had had better opportunity 
thau he had of knowing the amount of labour and pains that Mr. Baines 
had expended in getting up his paper ou the metrical aystem, and in 
endeavouring to put the subject fully and acceptably before the Institu- 
tion, therefore he thought no one more fully appreciated the desimbUitj 
of giving their thanks as an Institution to Mr, Baines for hia trouble ; 
but at the same time he would make no further remark on that head, as 
it would come better from some one not so intimately connected with 
Mr, Bainee as he was. They might discaBS the question of the adoptitm i 
of the metrical system from various points of view. They might discnfli \ 
it from the theoretical point of view, and from the practical, as engineerB 
and shipbuilders. There was also another way of looking at it which, 
perhaps, some politicians might desire to adopt, and that was vrhat one 
might call the sentimental point of view, in which it is asked whether it 
is not beneath the dignity of a nation calling itself the first engineering 
nation of the world to adopt a system of weights and measures originated 
elsewhere. It seemed to him that perhaps their national pride had stood 
in the way of their adoption of the metrical system for something like a 
century ; and although it might not be wise to give up their national 
pride, it did seem to him to be high time they gave up feeling that all 
the brains in creation were concentrated npon this little island. He 
thought it was part of the duty of an Institution of this kind to 
assimilate the good work that was done elsewhere, and accord a proper 
meed of credit to great achievements wherever they might have 
originated. He would like to say, too, that if the most sensitive amongst 
them should feel some humili^ion in this suggested adoption of a 
system of weights and raeasurea originated outside their own country, 
they had at least one consolation, and that was the consolation that 
the practical man had over the theorist. He took it that the buEdness 
of the theorist was mainly to devise and sharpen the tools for the 
practical man to use. The practical man was far too much enga^ 
in doing practical work to spend time whetting his knife, and they 
in England had been so busy turning out actual engineering work 



DISCUSSION — THE MBTKIC SYSTEM OT WEIGHTS AND MEASURES. 836 

that they had not had time to study the question of making new 
systems of weights and measures. They turned from their work and 
foond the thing done for them. Surely because they did not do it 
themselves they would not be so foolish in their chagrin as to refuse 
to adopt what common-sense had shown them to be a better system than 
they had been in the habit of using. In discussing the theoretic 
question they had to ask themselves, is it good in itself, and is it better 
than the system we now have in use ? He thought no educated man 
would spend a quarter of an hour in looking into the metric system 
without having a loud-toned " yes " brought home to him with regard to 
hoth these questions. Mr. Baines had called attention to what he styled 
** the simple and symmetric beauty of the system." In a few words on 
page 288 he said : — " They decided that weight and capacity should be so 
co-related to the standard measure of length that the whole system 
should be one and inter-dependent." That appeared to him (Mr. Mudd) 
to be the core of the whole subject, and any intelligent man who would 
sit down and read those words over and over again with models before 
him, till illustration after illustration brought one meaning after another 
to the words on his tongue, would rise up from the study prepared to 
admit that the simplicity and perfection of the metrical system marked 
it as a work of genius, and he would acquire a new-found disgust at the 
out-of-date system of weights and measures they still adhered to in this 
country. Another important way to look at it was the advantage of 
interconmiunication which it set up. A good story was told of William 
Makepeace Thackeray. Travelling in a foreign land in which he 
happened to be more facile with his pencil than his tongue, after making 
frantic efforts to be understood as to his dinner, he hit upon the 
plan of sketching a leg of mutton, and so he had his dinner in 
which a leg of mutton figured largely. Again, a friend travelling 
in Russia forget the word for water and hit upon the plan of 
writing HjO, and was quickly understood. These were qualitative 
means of communication : one pictorial, and the other by symbols 
understood by scientific men all over the world. The next step, short of 
a universal language, is the quantitative expression for things, and this 
they would be in possession of in their dealings with the bulk of the civil- 
ised world when they adopted th metric system of weights and measures. 
When the rest of Europe wakes up to the fact that the English language 
is the one that should and must be universally spoken, they would feel 
compensated for having had to adopt their system of quantitative expres- 
sions. Then, if, as engineers and shipbuilders, they were to look at the 

rOL. XL-W86. 25 
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practical side of the question, they would ask themselves, What would 
the change involve in the workshops, and would the cost be great ? The 
answer, he thought, was in a fairly narrow compass, but every trade would 
have to answer it in accordance with the exigencies of its own particular 
case. He did not think the difficulty would be greater in any trade than 
in those of engineering and shipbuilding. Taking a marine engine works 
as an example, he thought that in the drawing office a month's practice 
would enable intelligent draughtsmen to think in the metric system, and 
then all would be easy, without any extra expenditure of brain power or 
money outlay. Then, in the pattern shop, it was quite as easy for a 
patternmaker to work to one rule as another. The foundry it would not 
affect, for they worked to the pattern. The boiler shop would not be 
affected either, except in so far as the new measures affected their machines. 
In the engine shop they found concentrated the bulk of the difficulty of 
the change. What was the difficulty in the engine shop ? Well, first 
there was the question of gauges. It seemed to him that all existing 
gauges would be put on one side and kept for repair work that had been 
made to English measures, and a new set of size gauges would be made 
for all new work. After the gauges there was the question of screw 
threads. As English measures would not correspond satisfactorily with 
metric measures, it was clear the relation of diameters to thread pitches 
would require some adjustment so as to adapt it satisfactorily and 
permanently to the metric system, and in his opinion it would be best to 
treat the screwing tackle in the same way as the gauges, setting aside the 
old tackle for use on repairs, and adopting a new set of tackle for new 
work. Then there were the lathes and screw-cutting machines. These 
w^ould need some changes, generally unimportant, and consisting mainly 
in new change wheels to enable the new system of threads to be cut by 
the old leading screws. It seemed to hira (Mr. Mudd) that the enormous 
advantages — national advantages — offered by the change of system weiv 
w^ell worth the trouble and probable cost. They should not forget that the 
cost was a ''once for all" expenditure for an everlasting advantage. Ho 
did not think there was anything in all this that bulked up to what one 
might call a <jUestion of first magnitude, excej)t that of the screw threads ; 
and it was in the solution of just such a difficulty that the services of an 
institution like this became invaluable. For the question is only difficult 
inasmuch as it is diilicult to get all parties interested to agree ujx)n one 
standard. If this Institution wouM consider the subject carefiillv and 
taki' steps to induce kindre'l institutions to do likewise, a comparison of 
notes amongst them should spee<Hly result in the establishment of an 
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international standard of screw threads, as suggested by Mr. Baines. 

The more the matter was looked into the less difficult did it appear, and 

with their indulgence he would like to go into that part of the question 

a L'fctle more fully. The Whitworth thread was now so largely used in 

this country that one's first thought was to suggest that it be retained 

as /ar as fonn of thread goes, and that in regard to pitch it be merely 

niodi&ed sufficiently to accommodate itself to metric measure. This 

would probably commend itself at first sight to English engineers, 

because the suggestion was based upon a thread that had been a good 

friend in the past, and because it rested upon the reputation and genius 

of an engineer so universally respected as Sir Joseph Whitworth. They 

ought scarcely, he thought, to stop just there, however, in the enquiry ; 

because, in the first place, however slight a change they made in screw 

threads, there would of necessity be involved the provision of new tackle, 

so that the field was fully open just at the moment when they were 

changing to the metric system for any change they might like to make ; 

and, secondly, because the two other standard threads largely in use 

outside of this country differed slightly in the angle of the thread from 

Whitworth's. He alluded to the Sellers thread, largely used in America, 

and the French Admiralty thread, both of which had an angle of 

60 degs., whereas 55 degs. was the angle of Whitworth's thread. The 

angle of the thread practically determined its depth, and therefore there 

were left two characteristics of the first importance in a thread, viz., the 

pitch and the angle of thread. Now, it unfortunately happened that 

there was a kind of triangular duel between the three extensively used 

threads he had named, for whilst the Sellers thread was the same in 

pitch as the Whitworth (except in a few^ special instances), its angle was 

60 degs. instead of 55 degs., and whilst the French Admiralty thread was 

like the Sellers thread in angle, its pitch was regulated to fall in with 

metric measure. He had had a diagram prepared to illustrate this (see 

Plate LXIX.). At one part were shown the 55 degs. Whitworth thread, 

and the 60 degs. Sellers and French thread. At another part the 

relation between diameter of bolt and screw pitch w^as shown, the 

dotted lines with white circles representing the Whitworth thread, the 

thin full lines with shaded circles the Sellers variation therefrom, and 

the black lines and circles the French Admiralty threads. That he might 

find out whether Sir Joseph had any very urgent reason for the adoption 

of the curious angle of 55 degs. in preference to the more natural one of 

60 degs., he had looked up his original paper on the subject, read before 

the Civil Engineers in 1841, and found that was not the case. It was 
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pitched npon merely becanse it was an average of the angles in use 
amongst the various shops at that time, and was chosen in that spirit of 
conciliation and compromise which was the basis of the whole scheme, 
and which proved Sir Joseph to be not only a great engineer, but 
possessed of a keen insight into human nature. The paper indeed ¥ras 
very interesting, from the fact that it might have been written to-day in 
the interest of a compromise for the establishment of an international 
thread, just as it was then for that of a national one. He wonld like to 
quote one or two short extracts from it, to make it perfectly clear how Sir 
Joseph (then Mr.) Whitworth arrived at the thread that went by his 
name. He said : — 

As yet there is no recognised standard. This wiU not be matter of surprise, when 
it is considered that any standard must be to a g^eat extent arbitrary. It is impot- 
sible to deduce a precise rule from mechanical principles, or from any number of 
experiments. On the other hand, the nature of the case is such that mere approxima- 
tion would be unimportant, absolute identity of thread being indispensable. It is by 
no means evident what may be the precise formation most advantageous under aU 
circumstances. No exact data of any kind can b^ obtained for calculation, and the 
problem will be found to be capable only of approximate solution. . . . There are 
three essential characters belonging to the screw thread, viz., pitch, depth, and form. 
In the selection of the thread considerable latitude of choice will be found to prevail 
with reference to all the characters. No definite rule can be given for determining 
any one of them. Choice must be guided rather by discretion than by calculation. 

• • • 

After showing how one character limited or modified another he 

said : — 

Such being the variety and vagueness of the principles involved in the subject, a 
C()rresp()iidin<2f latitude might naturally be expected in their practical application, and 
accordingly we find, instead of that uniformity which is so desirable, a diversity so 
great as almost to discourage any hope of its removal. The only mode in which this 
could be attempted with any probability of success would be by a sort of compromise, 
all ])arties consenting to adopt a medium for the sake of common advantage. The 
averai^e pitch and depth of the various threads used by the leading engineers would 
thus become the common standard, which would not only have the advantage of 
coiioiliating general concurrence, but would in all probability be nearer the true 
standard for practical purposes than any other. . . . 

He then explained that — 

A ct)llection of bolts from various shops was made and the averages cjirefully 
taken, ^ inch, ^ inch, and IJ inches being taken as fixed points of a scale by which the 
intermediate sizes were regulated. The scale was afterwards extended to 6 inches. 

Also — 

It will be remembered that the threads, of which the table shows the average, are 
used in cast iron as well as wrought, and this circumstance has no doubt had its 
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effect in rendering them coarser than they woald have been if restricted to wrought 
iron. . . . The mean of the variations of angle in 1 inch screws was found to be 
about 56 degs. As it is desirable the angle should be constant, the angle of 55 degs. 
hns been adopted throughout the entire scale. 

Instead, therefore, of feeling that Sir Joseph must have proved by 

scientific investigation and practical experiment that the angle of 55 

de^. was essential or in any way preferable to 00 degs., they were left to 

feel that in making any change of thread to suit metric measure, they 

might breathe freely whilst contemplating a change to 60 degs. angle 

with a view to making the new thread identical with the other two now ^ 

in use in this important particular. Also, it was well to note what Sir 

Joseph said about the influence of cast iron threads on the coarseness of 

the pitch. Cast iron threads were little used now, and many English 

engineers had long abandoned the very coarse threads of bolts over 1^ 

inches diameter in the Whit worth scale, making the six threads per inch 

of the 1^ bolt suffice also for all sizes of bolts larger than 1^ up to even 

6 inches. This was shown by the black dot and dash line on the 

diagram (Plate LXIX.). At their own works this plan had been carried 

out from the first, and with, they thought, very beneficial results. The 

French Admiralty thread, apparently the only one deserving the name of 

a standard thread which at the same time conformed to metric measure, 

was on the whole rather finer in pitch than the Whit worth, and it 

had been devised so as to make the same number of threads suit for two 

or three adjacent diameters of bolts, thus economising the cost of dies. 

The French Minister of Marine had quite recently taken a step that was 

likely to result in this thread being universally adopted in France, in 

place of the confusion of threads that had till then prevailed in that 

country. The Americans were agitating wisely for the adoption of the 

metric system, and no more fitting opportunity could be had for the 

arrangement by mutual agreement of a standard thread for all countries. 

He did not want to go so far as to definitely suggest the direction in 

which such a compromise might be made, but he did want to show three 

things : — (1) That the question of screw threads was intimately bound up 

with the question of the adoption of the metric system. (2) That it 

would be a most important and highly desirable public service for this 

Institution to endeavour to get the co-operation of kindred institutions 

in this and other countries in the establishment of an agreement in this 

matter. (S) That the case, when looked into, presented little difficulty, 

and conld readily be adjusted if approached in the spirit of a true attempt 

to arrive at an international standard. He would close his remarks with 
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the expression of an ardent wish that the Institution would not only help 
on the cause of the speedy adoption in this country of the metric system by 
a suitable resolution, but would forthwith appoint a committee to make a 
definite move in the direction of an international standard of screw 
threads conformable to that system of measurement. 

Mr. Ralph Tweddell wrote on the subject as follows : — 

Dear Mr. Duckitt, 

While I quite agree with, and had I been able to be present, should 
have supported, Col. Robson's resolution, I think that this Institution 
will have to take a very much more decided course of action if any 
real advance is to be made in introducing the metric system. I have not 
much confidence in the effect of the report, even if favourable, of a Select 
Committee, which, as a rule, is only constituted in order to get a trouble- 
some subject out of the way. As doubtless many members are aware, a 
Bill for legalising the use of the metric system in this country, introduced 
by Mr. William Ewart, was read a third time and passed on the 28th 
of June, 1864. It was, however, only a permissive one, and thirty years 
have elapsed since then. Not much good is therefore to be expected 
from Parliamentary action- alone. If it be true, as we have been told, 
that a Government only exists to carry out views pressed upon them by 
the people, it is evident that the initiative must come from them, and if 
we engineers want the decimal system, \vc must commence to use it 
among ourselves and in our daily work ; and if the advantages are such 
as we think they will be, then other trades will follow, and by this means 
a steady mechanical pressure will be brought to bear which no Govern- 
ment, irrespective of party, could long resist. 

There can be no (juestiou at all as to the enormous advantage the 
adoption of the metrical system would be, not only in simplifying our 
own calculations, but especially when dealing with foreigner's. It was all 
very well twenty-five or thii-ty years ago, when many of us can remember 
our foreign friends and customers travelled unheard of distances and came 
to our otlices and works. It may not be so with all, but I can answer for 
this, that the tables are now turned, and it is we who now travel unheard 
of distances and go to their works and offices ; and when we get theix? 
what do we find!" tliat they are supplying machinery often, but by no 
means always, of an inferior kind, and in many cases at higher prices, to 
firms who used to come here, and not only that, but to our own colonies. 
Tiiis is the subject of common remark amongst engineers like myself. 
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whose business it is not only to initiate and introduce new systems of 
working, but to assist merchants and manufacturers in finding new 
markets for their products. I say it is a very common experience that we 
sometimes never even obtain an answer to tenders which have involved a 
great amount of time and expense to prepare. I am convinced that one 
«^reat cause for this is our barbarous jumble of dimensions which do not 
convey to the intelligent foreigner as much meaning as the Newcastle 
fitter's somewhat approximate dimension of " 6^ inches of string,- the 
length of his thumb, and a bit of chalk ! " I should suggest that a small 
working committee be formed of members of this Institution, and that a 
grant of money be made to enable them to visit, or send some one to visit, 
those countries which have changed their system to find out how it 
actaally works out in shop practice, and then report to a future meeting ; 
possibly this could be done jointly with the Decimal Association. The 
question is, of course, a very large one, but up to the present, while many 
preach, none of us practise. 

If locomotive engineers, steamship builders, and electrical engineers 
would only send out their specifications in terms of metres, and if users 
of machine tools would only buy them on the same basis, it would be a 
very short time before every one was decimalised. I think that a report 
from some such committee, backed up by this Institution, would have 
great weight, and we could ask the co-operation of other influential 
scientific societies. The inch and foot rules divided into yV^hs is, I 
think, really only adding to the complication, and up to the present their 
use has hardly made any progress. The inch also is too small a unit. 
Once get the metre introduced, and the rest will easily follow. We must 
not, I think, trouble about details at present ; screws and screw threads 
and so forth will adapt themselves. Once substitute the metre for the 
two-foot rule, and the rest will follow naturally. 

Yours faithfully, 

R. H. TWEDDELL. 

Mr. W. H. Atuerton said it seemed to him that no one who had 
carefully studied Mr. Baines's paper could doubt the immense superiority 
of the metric system over their own troublesome collection of units. 
Everybody admitted that it was much easier to multiply and divide by 
10 and powers of 10 than by such awkward numbers as they were called 
upon to use. Everyone also agreed that an inteniational system of 
weights and measures was a thing greatly to be desired. It might well 
be asked ' then, Why don't they adopt the metric system ? Two main 
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obstacles stood in the way. These were : — (1) The unfamiliarity of the 
public with regard to it, and the unwillingness of the men to take a little 
trouble in learning it. (2) The unavoidable expense attending its 
adoption, and the unwillingness of the masters to incur this expense. 
The important question thej had to consider was, How can these 
two difficulties be faced ? As regarded the first point, their duty was 
to remove this unfamiliarity, and perhaps prejudice, on the part of the 
men ; to show them the beauty and simplicity of the system ; and to 
teach them how to use it. The question was, How could this be 
done ? It could be done, he thought, by machinery, and, luckily, by 
machinery already in existence. The science and art department, the 
great educational institution of the masses, was quite competent to 
perform it. What was needed was the addition to the syllabuses of 
machine drawing, theoretical and applied mechanics, and steam, of some 
such clause as the following : — " A knowledge of the metric system of 
weights and measures will be required of all students, and a proportion 
of questions will be set in metric units. In machine drawing, one of 
the examples to be drawn will be dimensioned in metric units, and the 
millimetre scale appended must be worked to." A little extra trouble, 
both to teachers and taught, would be the immediate consequence, but 
the benefit that would ultimately accrue was obvious. Their teachers 
and apprentices would soon become quite familiar with the new system, 
and able to use it in practical work. These would speedily leaven the 
whole mass. Further, iu all their colleges where engineering was taught 
students should be accustomed to the use of metric units on a lanre 
scale, in preparation for the inevitable day when their use must become 
general. The metric system should not be confined merely to the 
chemiciil and physical departments. It contained not only the milligram, 
but also the tonne, which was almost identical in value with their own 
ton, and just as well adapted for engineering calculations. Some other 
ways of rendering the system familiar to the profession generally were: — 
(1) In books and articles translated from French, etc., into English, to 
leave the quantities still expressed in metric units and to enclose their 
English etiuivaleuts in brackets. This is often done in our technical 
journals already. A similar practice might with advantage be adopted 
iu all pajKTs read before scientific societies, until such time as we are 
able to dispense with the old units. (2) To fix on all steam boilers an 
additional pivssure gauge, graduated in kilogrammes per square centi- 
metre. On this matter of pressures it is useful to remember that a 
kilogrannnc {K^r square ccntimetrc [kg. per cm.-] corresponds roughly to 
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the pressure of an atmoBphere, ue., 15 lbs. per square inch. More 
accurately 10 kg. per cm.^ = 142 lbs. per inch'. (3) To graduate 
the automatic " pennj-in-the-slot " weighing machines at our rail- 
way stations in kilogrammes, as well as in terms of that very 
unscientific unit the stone. (4) To carry about in the pocket a small 
steel tape measure like this (sample shown), graduated on one side in 
inches, on the other side in millimetres ; and to take measurements in 
terms of both units. (5) To often examine general and detail plans of 
familiar objects, dimensioned in metric units. (6) To use, for plotting 
curves, paper in 2 by 2 or 5 by 5 millimetre squares, instead of the usual 
lOths of an inch. By such methods the first difficulty, that of 
unfamiliarity, could be overcome. There yet remained for consideration 
the second difficulty, that of expense. First, as to the drawing office. 
Here the cost of new tools would not be great. They should require 
Uttle else than new scales, numerical tables, and formula3 constants. 
During the transition period the new way of thinking would be trouble- 
some, and dimensions would have to be stated in terms of both milli- 
metres and inches. New designs would be got out in metric units. 
Second, as to the shops. Here the cost of new tools would be much 
more serious. The alteration would involve new gauges of every kind, 
perhaps new screwing tackle and other standard tools, new guide screws 
for some of the lathes,* fresh sets of weights for weighing scales, and new 
graduations of platform weighing machines. But some of the old tools 
and gauges would still be required, as Mr. Baines remarked, for repair 
jobs. Given these new appliances, however, their workmen would work 
as easily in millimetres as in inches. It cannot be denied that both the 
inconvenience and expense attending the change would for a time be 
oTcat. But it seemed clear that just as the Great Western Railway 
Company with their broad gauge were compelled, first of all to lay down 
an additional narrow gauge line, and at length to discard the broad gauge 
altogether, so they, for the sake of uniformity with their neighbours, 
would have to run two sets of gauges side by side in their shops, until 

• Except for very short lathes, it would be cheaper to cut a few new odd-sized 
cbaiisr^ wheels than new guide screws. To cut a screw of 1 cm. pitch with a guide screw 
of balf-i^<^^ pitch we should recjuire a train of wheels in the ratio 0*3937 to 0*5, ix,, 

31 127 

50 "" 100' 
with an idle wheel on an extra stud. A close approximation, giving more convenient 

wheels. i» — 

48 82 

100 "" 50' 
whence the wheels required to cut any other metric pitch can easUy be deducted. 
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such time as they could dispense with the old system entirely. The cost 
of altering shop tools would not be anything like so great as the cost of 
altering the rolling stock of a great railway. Whose duty was it to bake 
the lead ? The Government authorities, he thought. If the Admiralty 
were to adopt the practice of specifying that the machinery of warships 
must be made to metric units a great step would be taken towards the 
general adoption of the system for machinery of all kinds. But if the 
Government refused to move in the matter, why not follow the example 
set by Messrs. Willans & Robinson without waiting for any new Acts 
of Parliament ? If they rejected this system, what was the alternative ? 
If they persisted in using a numerical language, which their more 
enlightened neighbours rightly regarded as antiquated and absurd, they 
must be left behind in the struggle for supremacy, and fall to the rear in 
the march of civilization. The metric system might not be ideally perfect. 
Perhaps it would have been better if its f ramers had taken a value of the 
metre, such that the well-known dynamical constant ^ would have been 10, 
in latitude 45 degs., instead of 9*8 as at present. But it was certain that 
the relation of the other units to the fundamental one was the best and 
simplest that their decimal system of numeration admitted of. Let them 
then take and welcome the metric system in its entirety just as it stood, 
and be thankful that they had so excellent a system already to hand, one 
that had been tested for nearly a hundred years and not found wanting. 
He thought that the sooner the system was adopted the better, and that 
they ought to use their utmost endeavours to bring about this much to 
be desired end. 

Mr. G. n. Baixes, in reply, stiid he wished to acknowledge the support 
he had received from members in connection with the suggestions in his 
paper. He had proposed and carried unanimously in the Durham County 
Council a resolution of the character before that Institution. Last week, 
in London, at a meeting of the Association of School Boards of Enghmd 
and Wales, a similar motion w^as carried, and that the children should be 
more carefully taught decimals and the metric system of weights and 
measures. With reference to the remark of the last speaker as to the 
dilliciilty to workmen, he was sure, from enquiries, that would be very 
slight. The Trades Congress four years ago distinctly recommended that 
the metric system should be adopted, and two of its members sat on the 
House of Commons Committee. He had been present at a sitting of the 
Committee the previous week, and had been informed that the evidence 
was greatly in favour of the adoption of the change. It only wanted 
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a posh, a ananimous push from various quarters, to make the Govermuent 
take it up. If the Government will lead bj using it in their own works, 
other trades would be willing to follow. He appealed to each member 
to nse his influence to promote the gradual use of the system. 

The Past-Presidbnt now put the motion as amended by the Council 
to the meeting, and it was carried mm, con. 

The Past-President moved a vote of thanks to Mr. Baines for 
putting the subject so ably before the Institution. He was sure it was 
an enlightenment to them all. 

The proposal was adopted by acclamation. 

Mr. Baines acknowledged the compliment, and said that in facing 
foreign competition they had the greatest need to adopt the system. 



Note. — The Select Committee of the House of Commons has reported 
that it is desirable that the Metric System be made {a) permissive at 
once ; (J) compulsory in two years after passing of an Act. — Editor. 

July Isty 1895. 



I'KOCKEDINGH. 



CLOSING BUSINESS. 



CONSTITUTION AND BYE-LAW ALTERATIONS. 

The Past-President, on behalf of the Council, moved that the | 
following alterations and addiLions be made to thu Articles of Constitu- 
tion and tie Bye- Laws : — 

Nora. — Proposed alterations are in italics. 

CONSTITDTIOK. 

Add lo Constitution YIII. — " All »veh compositions shall be deemed lo i 
b» capital moneys of Ihe Institution." 

Byb-Laws. 

liye-Law O.^For " drat of June " read "first of August " as uudvr ; — 

Hye-Ltiw 6. — Alt anlffleriptions Bhall be payable in advance, and shall 

become due oa the let of August each yiair. Any Member, 

AsBociate, or Gmduate wiahiug to retire from the InstitaLion 

shall continue to be liable for his annual subscription until he 

shall have given formal uotico of his retirement to the Secretary, 

which notice must be given on or before the aist of August in 

each yeiir. Apiiliciitiiiii for un'inbti'ship niay be made at any 

time during a session, and the Bubscription shall cover the 

membership np to the lat of August following. 

Add to Bye-Law 28.—" The President shall, ex-egleio, be a member of 

all Commitiees." 

Add to Bye-Law 31. — " (4) A Graduates' Award Committee, to consist 
of five members." 

Bye- Law 43.— For " the Slat of May," read " iJie Slst of July y 
Insert the following new bye-law after Bye-Law 44 :— 
" The Finance Committee may, with the consent of the Council, invest in 
the names of the appointed Trustees of the Institution any moneys, not 
immediately required for Uie purpose of tlio Institution, in or upon any 
approved securities." 



The alterations were agreed to. 



^ 
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EXECUTIVE MEMBERS. 

The Past-Pkesident declared that the result of the ballot for the 
executive during the ensuing year was as follows : — President, Aid. Thos. 
Kichardson, J.P., Hartlepool ; Vice-Presidents, Mr. John Gravell, Sir Wm. 
Gray, J.P., and Mr. D. B. Morison ; Members of Council, Messrs. W. H. 
Dugdale, Col. T. English, J. B. Purneaux, Robert Readhead, J.P., and 
John Walker ; Hon. Treasurer, Mr. G. E. Macarthy. 

The Past-President moved the re-election of Mr. R. W. Sisson as 
Auditor, this was seconded by Mr. W. G. Spence, and carried. 



THANKS TO RETIRING MEMBERS OF COUNCIL. 

Mr. J. G. Jordan moved " That the best thanks of the Institution be 
given to the retiring members of Council for their services on the Board." 
He was sure all members of the Institution appreciated their desire to 
carry on the business of the Institution successfully, and that they would 
not regret that their retirement gave an opportunity to other members 
of taking an active part in the affairs of the Institution. The rule was 
a very good one, and they had always the consolation that at the end of 
twelve months they had the opportunity of being re-elected. 

Mr. Arnison seconded the motion. 

The vote was carried by acclamation. 



CLOSE OF THE SESSION. 

The Past-President said he had only now to declare the present 
session closed. He was very well pleased to see the way members had 
held out to the end of a long sitting. They were better oflF than the 
American Congress. He was there recently and saw only three or four 
Ib the House. It was adjourned for a quarter of an hour to get sufficient 
members forward to form a quorum and close the Congress. He declared 
the eleventh session of the Institution closed. 
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To illustrate "President's Inaugural Address." 




HORSB-POWEB ELKCTKIC llOTOR DBIMKO A DOUBLE PUSCHING MACHIKK 
AT THE WOBKS OF MUSSRS. DUKMAS, LOKG, & CO., MlDDLESBBOUGH. 
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